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CHAPTER I

EUTROPHICATION OF SMALL LAKES
Introd uct ion
This thesis has been designed to summarize the problem of
eutrophication and its effects on rivers and lakes.

An attempt has

been made to review the literature and assemble the pertinent information on this problem.
Eutrophication is a complicated problem involving many areas of
discipline.

An adequate solution appears to be complex and involved,

but must be found if this problem is to be solved to the satisfaction
of all concerned.

The solution will not be in any one discipline such

as chemistry, zoology or engineering.

The problem is too complex and

will require the active cooperation of many disciplines.
Sections one through five are designed to treat the problem of
eutrophication in general.
river.

These sections apply to any lake or

Section six summarizes the problem as it applies to Utah

Lake.
The biological productivity in oceans, lakes, streams, and
estuaries throughout the world has been the subject of research by
many investigators for the past century.

In recent years, however,

there has been an increasing awareness by scientists, engineers, and
the general public of problems associated with excessive growth of

1
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aquatic plants, particularly in lakes, and to a lesser extent in
streams and estuaries.
In general, as a lake ages it undergoes change and a "natural"
or "normal" process of maturation takes place.

Precipitation and

natural drainage from forest or plain areas contribute nutrients
which support and enhance the growth of phytoplankton and littoral
(in-shore} vegetation.

The activities of man in altering the land-

scape by agricultural development, urbanization, and the discharge of
sewage, industrial wastes, and waste treatment plant effluents increase the amounts of nutrient input to a lake.

The amount of in-

crease is proportional to the population and type of treatment facilities available.

The processes of enrichment and sedimentation that

occur naturally are thus frequently accelerated by man's activities
and the quality of the water may change materially and often at a
relatively rapid rate (1).
A great deal.of work in the last decade has been done to try
to understand the enrichment process and the measurement of changes
which occur in lakes and streams.

As yet, however, there is no

simple relationship between the maturation process and the amount of
nutrients present or entering the terresterial and aquatic environment.

The interrelationships of climatic, physical, chemical, and

biological factors which affect the metabolism of a lake are indeed
complex.

For example, nutrients move through a water system by flow

or convection and disperse by diffusion or mixing.

As a substance

travels from source to sink or receptor it may be degraded or converted to other chemical and physical forms by chemical, biological,
and physical processes.

This overall transport process must be

3
thoroughly understood if the water environment is to be managed
soundly.

The transport process determines in large measure the

effects of water-borne substances on quality throughout a water
system.

The transport process is fundamental to the ecology of the

system.
As illustrated by Rawson (2), the morphology of a basin, the
geological nature of the surroudings, temperature, the nutrient input, and the many other variables which influence the trophic nature
of the lake "makes it difficult to bring them. • • (the number of
environmental factors involved) • • • into a single picture;" Figure
l is designed to show all of the factors which influence the nutrient
level of a lake.
total picture.

The activities of man are but one factor in the
These activities, however, become the major influ-

encing factor as the population near a lake increases.
The Enrichment Process
The process of enrichment of waters with nutrients is referred
to as eutrophication.

The literal meaning of eutrophication stems

directly from the Greek "eu" meaning "well" and trophein--"to
nourish".

Thus eutrophy means "well nourished".

In the minds of

some, little distinction has been given to the differences between
the terms eutrophication and pollution.

These terms are not synony-

mous, although it is true that the discharge of waste materials
often add nutrients to receiving streams and lakes which increase the
·production of both free floating plants such as algae as well as
other forms of planktonic growth •

..
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Fig. 1 •. --Trophlc nature of a lake
SOURCE:

Rawson, D• c. Some Physical & Chemical factors ln th• metabolism of lakes. A. A. A.
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The process of enrichment is one that goes on under natural
conditions; but what is disturbing .at the present time is that the
process is being accelerated as a result of the intense urbanization
in many parts of the world.

Figure 2 shows what happens to any lake

as nutrients are continually added.

These nutrients can come from

natural sources or through the activities of man.

The case histories

reported in the literature comprise some of the most interesting
reading concerning the eutrophication of lakes, streams, and
estuaries.

Unfortunately, detailed and long-term studies are ex-

tremely rare, even on some of the most famous lakes in the world.
Furthermore, although some of these lakes have been subject to extensive investigation, such studies have been on a variety of subjects and comparisons of data on a particular variable are often
difficult to interpret because investigators do not always use the
same criteria as a basis for the measurement of eutrophication.
Measurement of Enrichment
The measurement of enrichment is based on the increase of
nutrients.

It is therefore logical that the measurement of nutrients

is of major significance.

It would be most fortunate if these were

the only indices of change necessary.

Other indices must be evalu-

ated also and may be used to advantage along with the measurement of
nutrients.
The main inorganic constituents of most wastes include ions
such as sodium, potassium, calcium, magnesium, chloride, ammonium,
nitrate, nitrite, bicarbonate, sulfate, and phosphate.

The nutrients

which have been given most attention are ammonia, the nitrates,

I
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nitrites, and phosphates; because following organic compounds, they
are

in the greatest amounts for the production of green
The specific organic compounds present in water-borne wastes

~equired

plants.

are less well known.

Exceptions include pesticides in surface waters,

synthetic detergents, and a few phenolic substances and carboxylic
acids in streams.
Even the major organic chemical groups in domestic wastes and
treated domestic wastes are known only partially.

One of the rela-

tively few analysis that have been made of domestic sewage could
account for only seventy-five per cent of the total organic carbon

(3). The classes of compounds that were detected included carbohydrates, amino acids, fatty acids, soluble acids, esters, anionic
surfactants, amino sugars,

ami~es,

and creatinine.

In other work,

more than forty specific chemical compounds were identified in
domestic sewage (4).

An

analysis of the effluent from secondary

sewage treatment could account for only about thirty-five per cent of
the total chemical-oxidizable organic materials (5).
Based on flow data from inlets and outlets and other sources of
contribution, the amounts of nutrients entering, retained, and
leaving the body of water are estimated.

In such studies, extensive

sampling may be required to distinguish between natural runoff, agricultural drainage, sewage and waste effluents, urban runoff, groundwater and contributions from precipitation.

It is obvious that many

of the factors such as amounts lost by fish catch, emerging insects,
and nutrients leached from eroded, suspended, and deposited material
'
and contributions
from underground water or submerged springs cannot

be measured readily.
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In some instances major contributions are from natural and
agricultural runoff; while in others, sewage and urban drainage
provide the greatest percentage of the nitrogen and phosphorus.

As

pointed out by Taylor, (6) the most striking characteristic of
phosphorus in the soil is its irmnobility.

This is due to the strong

abso?1>tion of this element by finely divided mineral soil particles,
with the result that "except in areas of intensive agriculture where
large amounts of irrigation water are applied to highly fertilized
soils, there is no significant transport of phosphorus through
percolating groundwaters.

The element moves from farmlands into

lakes through erosion of surface soil on which it is adsorbed." (6)
At the time of a study made in 1942-44 on lake Waubesa-Madison, ·
Sawyer (7) showed that at least seventy-five per cent of inorganic
nitrogen and eig.hty-eight per cent ·inorganic phosphorus was from
sewage effluent.
I

Ohle (8) concluded that the nutrients in North

German lakes came predominately from the increased cultural activities of man.

He also found that organic sewage wastes were sig-

nificant contributors and with climatic influences brought about
significant changes in Plon lake between 1926-29.
Factors Affecting Eutrophication
Beeton (9) has summarized a number of factors that affect the
eutrophication of a lake.
~.

They are listed as follows:

Changes in oxygen concentration in the bypolimnion over
long periods of time.

2.

Increase nutrients generally brings increased plankton
and decreased clarity of water.

9

3.

Intensity and frequency of algal blooms and changes in
species composition.

4. The chlorophyll content.

5. Primary productivity, which is the rate or extent to
which energy is stored in the form of organic substances.

6. Changes in fish population.

7. Changes in total dissolved solids.
Effects of Eutrophication
A benefit of eutrophication is the increase in the biomass
which can be supported in a body of water.

Additional nutrients

usually result in increased growth of microscopic organisms and a
consequent increase in fish production.

In terrestrial situations,

the increase in the yield of a crop after fertilization is desirable.
Except for fish ponds, where increased nutrients may be desirable,
the effects of eutrophication are often undesirable.

Aesthetic

values may be lowered because of increase in algal growth and production of algal scums which are a nuisance to those who wish to use
the water for recreational purposes.

When water supplies are taken

from eutrophic lakes or streams, algae affects treatment plant
operations by clogging filters and may cause undesirable tastes and
odors.

Because of the development of anaerobic conditions in the

b.ypolimnion, water quality is impaired.

CHAPTER II

SOURCES OF EUTROPHIC NUTRmNTS
\

Agricultural Drainage and Eutrophication
Introduction
Agricultural drainage, like many other aspects of our total
water resources, has only recently become of national interest and
concern.

(10)

This recency of concern is true particularly with re-

gard to the quality of the drainage water and to nutrients contained
in the drainage.

As a result, relatively few studies have been

directed toward elucidating the factors that control the amounts of
plant nutrients reaching streams and lakes from agricultural sources.
However, a number of investigators have studied nutrient losses from
soils in conjunction with investigations designed to measure salt
movement, to measure efficiency of fertilizer application, or to
clarify soil development processes.

Results of many of these

investigations can be applied to the problem of eutrophication of
lakes.
Although the current emphasis is on man's contribution to
water fertilization, we should not lose sight of the fact that all
natural waters contain dissolved materials (plant nutrients included)
which are leached from the soil or blown into the water from the
air (11).

For example, estimates of annual solute erosion in

eleven Western basins ranged from loads of 180 T per mi2 in the
10
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Willamette basin to 4.2 T per mi2 in the Gila basin, with an average
of 58 T per mi2 (12).

The average dissolved-solid content in the

water ranged from 54 to 1,500 ppm.

The Willamette basin averages 50

in. of annual runoff, and the Gila basin averages 0.02 in.

Quantities

ot solids eroded are highest in areas of abundant precipitation and
runoff, whereas concentrations of solids are highest in areas of low
precipitation.

The greatest suspended-sediment losses, however,

occur from areas of intermediate effective precipitation.
We are interested principally in the sources, quantities, and
distribution of agricult•1ral drainage waters and the extent to which
these waters contain constituents that contribute to eutrophication.
Agricultural drainage water provides the means by which constituents
of eutrophication are redistributed, the destination of immediate
interest being streams and lakes (10).
Nutrients in the soil-water system
Most of the soluble nutrients that get into lakes and streams
from rural areas are first dissolved in water and then moved in
solution to the waterways.

Some nutrients may also be carried to

streams and lakes as components of suspended particulate matter and
later converted to soluble forms.

Therefore, to fully understand

the problem of fertilization of the streams and lakes as a result of
runoff from agricultural lands, we must understand the factors that
affect the forms and solubilities of the nutrients and the manner in
which they are transported.

Forms and amounts of nitrogen and phosphorus
Bartholomew and Clarke (13) described all the chemical changes
that nitrogen undergoes in the soil and when it is released to the
atmosphere.

The description includes the many biological reactions

that take place.

In addition, literature reviews on the loss of

nitrogen have appeared at various times (14, 15).
Nitrate found during rainstorms may range from 1 and 19 pounds
per acre per year at various locations.
per acre per year.

The average is 7 or 8 pounds

This is not enough to produce marked increases in

crop yield, but in runoff
and significant supply.

o~

percolative waters it becomes a steady

The amount of nitrogen that is fixed by

plants and microorganisms also contributes to the potential source of
available nitrogen for redistribution.

As much as 200 pounds of

nitrogen per acre per year might be fixed as nitrate by legumemicroorganism interactions in comparison with 10 to 30 pounds under
grass.
A large percentage of N in soil occurs in organic forms
(e.g., in organic matter).
be in this form (16).

In fact, 95 per cent or more of the N may

Microbial decomposition of the organic matter

results in the release of nitrogen in the ammonium form (NH4 ), a process called ammonification.

Under conditions of good aeration and

favorable temperatures, different microorganisms oxidize the
ammonium first to nitrite (No2 -) and then to nitrate (No 3-), a process
called nitrification.

The step from nitrite to nitrate is usually

faster than from azmnonium to nitrite, so that practically no nitrite
accumulates.

If the content of ammonia (NH ) in the system is high,

nitrite may accumulate.

3
This can create serious problems because

13
nitrite is toxic to many organisms.

If nitrate is exposed to

conditions of poor aeration (reducing conditions), it will be reduced
to gaseous nitrogen and lost to the atmosphere, a process called
denitrification.

(Figure 3)

Ammonium ions are held on the cation-exchange sites in soils,
so the concentration of ammonium in the soil water is not very high.
The nitrate anion, on the other hand, is completely soluble in the
soil solution, and it moves with the soil water.

Therefore, nitrate

is the form of nitrogen most subject to leaching.

But this does not

exclude the possible movement of certain organic forms, which may be
quite soluble.
The phosphorus content of soils ranges from 0.01 to Ool3 per
cent.

Phosphorus occurs in both organic and inorganic forms, and

neither form is considered to be very soluble.

The proportions of

each kind have been found to range from 3 per cent organic and 97 per
cent inorganic to 75 per cent organic and 25 per cent inorganic.
The inorganic forms of phosphorus are mainly iron and aluminum
phosphates in acid soils and calcium phosphates in alkaline soils.
All inorganic forms of phosphate in soils are extremely insoluble.
Any phosphorus added as fertilizer or released by decomposition of
the organic matter is quickly converted to one of these insoluble
forms.

Because of the extreme insolubility of these phosphates, the

overall concentration of soluble phosphorus in the soil solution of
surface soils geldom exceeds 0.2 mg per liter, and concentrations in
the range of 0.01 to 0.1 mg per liter are common.

Displaced soil

solutions contain 0.03 ppm of phosphorus as inorganic orthophosphate (17).

Other data indicate values of 0.07 to 0.17 ppm.

t-

+:-
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Fig.
Source:

3.~-The

Nitrogen Cycle

Chemical Analysis for Water Quality Training Course Manual p. 16-2.
U.S. Dept. of Interior. FWQA.

April 1968.
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Phosphorus concentrations in the soil solution of subsoil layers are
frequently less than o.Ol mg per liter.
Soluble nitrogen and phosphorus in surface
runoff ·aqt pe.rcol.ates
The concentration of nitrogen and phosphorus in surface runoff
are considerably different from those in soil percolates.
ammonium and nitrate forms of nitrogen are very soluble.

The
If these

materials are present at the surface of the soil at the beginning
of a rain, the first rain that falls will dissolve them and carry
them into the soil.

If the surface runoff occurs later, little

soluble nitrogen will be left at the surface to be carried away
with the runoff.

Therefore, runoff waters usually contain very

little soluble inorganic nitrogen.

In fact, the nitrate contents of

runoff waters are usually lower than the average nitrate content of
rainwater.

The first rain that falls sweeps most of the nitrate from

the air and carries it into the soil.

The rain that falls later and

runs off has a lower nitrate content.
Though runoff waters in humid areas contain relatively little
nitrate, water that percolates through the soil may contain considerable amounts.

As stated before, nitrate is complete soluble

in the soil solution and moves with it.

If the nitrate ions manage

t9 evade adsorption by the plant roots as they move downward, they
will be present in the drainage waters that move to the lakes and
streams by base flow.

Thus soil percolates generally contain more

nitrate than do surface runoff waters.
The relative concentrations of soluble phosphorus in surface
runoff and soil percolates are the reverse of the nitrogen system.

16
Phosphorus applied to the surface of the soil tends to saturate the
"fixing" sites at the surface and locally raise the concentration of
phosphorus"in the soil solution.
This is a near-equilibrium system, and although infiltrating
waters will carry the soluble phosphorus downward, more will quickly
dissolve to maintain the concentration in solution.

Runoff water'will

contact this surface soil, and the phosphorus concentration in the
runoff could conceivably approach the equilibrium concentration.

If

phosphorus fertilizers were applied to the soil surface, the
equilibrium concentration of phosphorus in a thin surface layer could
reach 1 mg per liter or more, and the concentration of phosphorus in
the runoff water might range up to a few tenths of a milligram per
liter.

This concentration of phosphorus is speculative, at best,

since few data are available pertaining directly to this problem.
However, soluble phosphorus concentrations in surface runoff frequently approach or exceed the average concentrations expected in the
soil solution, a fact that tends to support this contention.

An ex-

ample of this is the Black Earth Creek area near Madison, Wisconsin

(18).
In the water that percolates through the soil, the soluble
phosphorus concentration is usually very low because the phosphorus
precipitates in the subsoil.

Therefore, most of the soluble phos-

phorus should reach the waterways via· surface runoff.

This route

contrasts with that of nitrogen, since most of the soluble inorganic
nitrogen should reach the waterways by percolation and base flow.
These conclusions assume that the soils are not frozen.

If the soils

were frozen, a relatively large proportion of all soluble nutrients
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at the soil surface would be carried away in the runoff waters.

This

is undoubtedly the case during the initial stages of the spring thaw,
and is of special significance for nutrients in manure or fertilizers
applied on frozen fields.

(Figure 4).

Effects of suspended material
The energy associated with the impact of falling raindrops
tends to break down aggregates of soil particles at exposed soil
surfaces.

Runoff waters can then pick up the finer particles and

carry them downslope, causing sheet erosion.

Much of the suspended

material is usually deposited at the base of the slopes or on the
terraces or floodplain of a stream, but some is carried into the
stream itself.

When runoff water is concentrated in channels, its

erosive power is increased by its increased velocity, and deep
gullies may be formed.

Much of the finer material eroded from a

gully, mainly subsoil material, may end up in a stream.

During

periods of high flow, the streams erode their banks and carry some
of the eroded material downstream in suspension.

Suspended materials,

whatever their source, undoubtedly affect the nutrient status of the
water.

However, no data are available to indicate the magnitude of

their effects.

Therefore, the following discussion is based mainly

on theory.
Nitrogen in suspended particles is present mainly in the
organic form.

Some of

~hese

particles will settle out when the water

velocity decreases, to be covered later by other sediments.

They do

not contribute significantly to the soluble nitrogen supply.

Other

organic particles may be attacked by microorganisms, with the
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nitrogen being converted to soluble inorganic forms in the decomposition process.

Fresh organic materials are quite readily decomposed

by microorganisms, but humified-soil organic matter is quite resistant
to decomposition.

Thus, the contribution of the suspended organic

matter to the soluble nitrogen content will depend on the nature of
the organic materials.
Phosphorus in suspended particles is present in both organic
and inorganic forms.

The organic forms undergo microbial trans-

formations, as does nitrogen.
more complex system.

However, the inorganic forms present a

The phosphorus bonded to iron, aluminum, or

calcium in the mineral particles tends to equilibrate with the phosphorus in solution.

If the particles come from a surface soil high

in phosphorus, they will tend to support a relatively high concentration of phosphorus in solution.

If, on the other band, the

particles come from a subsoil low in phosphorus, they will support a
low concentration of phosphorus in solution.

In fact, if subsoil

particles were introduced into a stream containing a moderate or high
concentration of soluble phosphorus, they would adsorb phosphorus
from the water, thereby lowering the phosphorus concentration in
solution.

Since much of the sediment in streams during high flow is

derived from stream-bank erosion, the phosphorus status of the sediments in the streambeds and streambanks may well be an important
factor affecting the concentration of soluble phosphorus in the
water during periods of high flow.
The contribution of eroded particulate matter to the
nutrition of the algae may be associated more with its effects on
the concentrations of soluble nitrogen and phosphorus in the incoming
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waters than with the total or "extractable" nitrogen and phosphorus
in the particles themselves.
Disposition of agricultural drainage
As an introduction to the sources of water that may ultimately
contribute to agricultural drainage and eventually eutrophication, it
is worthwhile to consider briefly some of the components of the hydrologic eye le.
Precipitation from the atmosphere reaching the soil surface is
disposed of by (1) surface runoff, (2) groundwater runoff (interflow),

(3) deep percolation, (4) storage, and (5) evaporation and transpiration.

The first three of these can, and do, contribute to

eutrophication by providing pathways of nutrient movement to the lakes
and streams.

Water that does not run off or evaporate from surface

catchments infiltrates the soil.

Some of this water percolates into

deeper layers, eventually joining the ground water, and many rivers
and lakes receive a major part of their water from groundwater flows.
Part of the water that enters the soil drains downslope to reappear
at a lower elevation as surface water or seepage.

This water may also

contribute fertility to the lakes.
Other processes involved in the hydrologic cycle contribute indirectly to changes in the fertility load of the water.

Some of the

precipitation is intercepted by the plant canopy and returned to the
atmosphere by evaporation.

In addition, water that is evaporated may

return salts to the surface where they may be lost.by runoff and
seepage or redistributed in the profile with the next water
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application.

Transpiration reduces percolation losses, thereby

modifying nutrient movement patterns.
In certain areas, additional water is applied to the soil as
/

irrigation.

In most cases this water is drawn from surface streams,

impoundments, lakes, or groundwater, and thus represents a recycling
of the water derived from runoff, seepage, and percolation.

Since

irrigation water is generally applied because precipitation is inadequate or poorly distributed in time and space, irrigation often
increases the amounts of nutrients moving to lakes and streams.
S~face

runoff

Whenever

precipitati~n

occurs more rapidly than it can be ad-

SOE.bed by the soil, it runs off into drainageways or into depressions.
Because of the

importan~~

Qf.. sur:f'ace runoff to streamf low and erosion,

much effort has been expended to predict the quantity of both runoff
water and suspended matter, usually without regard for the chemical
or physical nature of the soluble or suspended materials

(19).

A number of factors, including storm characteristics, soil
properties, topography, and plant cover, appear to influence the
amount of runoff derived from a given storm.

Consequently, these

factors have been included in a number of empirical equations designed
. to predict runoff characteristics.

However, these equations have been

developed for particular watersheds and do not apply in general.
Recent tr.ends in hydrograph synthesis reflect these problems (20).
Though a watershed may have.a large capacity for water storage
wi.ihin the soil, the water _iQ,take rate of _the soil may 111J1:\,:t the
percentage of a ra:f.nfall that

(!~~ ~J:lter

it.

The percentage of a storm
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entering the soil depends OI.:L.:the extent to
-------------~---.

exceeds the rate of intake.

'Whi,.~b_..:!!J!g.. .rA:te...J,!.~.l:~;l,pflJll

Once the intake rate is exceeded, stream

discharge is more sensitive to storm intensity and duration than to
any other factors.
As shown in Figure 5 the percentage of runoff of the Russian
River is relatively independent of rainfall.

The percentage of

runoff of Bear Grass Creek, in contrast, is quite sensitive to rainfall.

Thus, it is difficult to generalize about runoff from one

watershed to another.
Wit~in

a watershed, however, it should be possible to combine

chemical and meteorological data with measured storm, surface, and
vegetative characteristics to form theories of nutrient losses in
relation to factors of rainfall disposition.
Infiltration and percolation
It is obvious that the processes of infiltration and percolation are interrelated with runoff and rainfall.

Water that is not

otherwise lost from the soil may infiltrate and percolate to shallow
depths from which it may reappear as groundwater seepage (interflow)
at the surface, or it may percolate to perched water tables or deeper
underground aquifers.

Considerable study has been devoted to infil-

tration and percolation because replenishment of soil water
groundwater depends on these processes.

an~

Likewise, methods have been

sought for increasing infiltration to reduce runoff and related
erosion.
If one understood infiltration and percolation the9ry and

could apply this theory, he could predict not only the distribution
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of drainage waters but also the expected nutrient removal.

These

predictions might come from combining water-flux estimates with the
mixing factors that determine nutrient distribution within the soilwater system.

Various reviews have recently been prepared out-

lining the extent of progress in the development of the theory of
soil-water movement (21, 22).

One is impressed by the lack of

application of these theories to the prediction of water movement in
both cultivated soils and natural watersheds.

That many natural

factors appear to preclude application of the equations listed in the
reviews is evident from the assumptions upon which they are based.
Porosity characteristics of the surface layer, vegetation, initial
water content, temperature, and shrink-swell characteristics all
affect the intake rate.
Not unrelated to the infiltration process is the movement of
water within the soil profile.

In this case, problems associated

with surface conditions are secondary to heterogeneities within the
soil materials above the water table.

Attempts are being made to use

an equation proposed by Childs and Collis-George (23) to describe
water-content changes in the profile for a variety of conditions.
From what has been said, it is evident that wide ranges in
infiltration rates exist.

Musgrave (24) has grouped soils on the

basis of minimum rates as measured with little cover and long
periods of precipitation.

They might represent the rate of flow or

flux through the profile.

The flux within the soil profile cannot

exceed tbe infiltration rate; thus, the infiltration rate becomes
the upper limit for the percolation rate.

Initial infiltration rates
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are often much greater than those given in Table 1.

Short, intens.ive.

rains, therefore, frequently produce little runoff, and light, steady
rains that do not exceed the long-time intake rates also produce
little runoff.

Nutrient movement by percolation would most likely

occur under these conditions.

On the other hand, a storm exceeding

the intake rate will distribute the
and runoff.

nutrient~

through both percolation

The amount of nutrients distributed by each would depend

on the intensity and length of the storm.
Groundwater
When nutrients percolate to

~he

groun9,water, their subsequent

movement to lakes or , .streams
involves. the general movement
of ground'..
"
.,..,.,,,_,,,,_. ,;;,,v.......
--·~

water.

B~c~_t.le;e

,,~,.-,,.,.,__,,.,

+,. •• ,.•

many of our water supplies are derived from :the

groundwater, the velocity and direction of water movement as well as
the quantities are investigated when possible.

Understanding the

mixing between the resident groundwater and replenishment water is
important, particularly if the invading water contains dissolved
constituents that are undesirable.

The same mathematical models and

techniques that are used for studying mixing in any porous material
a~e

used in studying groundwater.

Consequently, the dispersion

equation (25) is an example of one description.

The processes in-

volved are the same, although the magnitude of individual components
may vary.
The.mixing will be very different in a deep sand aquifer than
in fractured limestone.

Water has a greater freedom of movement in

sand than it does in fractured limestone.

This is due to the fine

granular particles of sand as compared to the relatively large chunks
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TABLE 1
MINIMUM INFILTRATION RATES OF SOILS OF DIFFERENT TEXTURE
SOIL MATERIAL

INFILTRATION RATE
(cm/hr)

Deep sand and well-aggregated soils

o.a-1.1

Sandy loams

0.4-0.8

Clay loams

0.1-0.4

Swelling clay soils

0.1

Source: G. W. loltsgrave "How Much of The Rain Enters The Soil .. "
P• 151-159 In u.s. Dept. Agr. Yearbook 1955. U.S. Govt.
Printing Office, Washington, n.c., 1955.
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of limestone.

Thus, extensive dilution between source and discharge

may occur in the deep sand aquifer, whereas in the fractured limestone
the amount of mixing with resident fluid will be small, although the
path may be tortuous.

Adding to the complexity are layering, lenses,

downdips and updips, fine pores, cracks, heterogeneous materials,
and adsorbing surfaces.
In a deep aquifer, complete mixing is probably rare.

It is not

uncommon to have layers of more dense or less dense fluid flowing over
and under each other.

Therefore, it is not safe to assume that

nutrients derived from percolating waters will be diluted by the entire
groundwater mass prior to discharge into a lake.
Smith (26) observed incomplete mixing in explaining nitrate
contamination from feedlots and bat caves.

Stout et al. (16) ob-

served a nitrate "cap" on the groundwater of Arroyo Grande.

Fresh-

.

water mounds over salt water are common in Hawaii and Florida.
Patterns of contaminated zones of water in the ground have been
discussed by Legrand (27).

The velocity of groundwater movement may

vary from as little as left per year to several miles per month.

""D"isplacement

of all the water from a particular aquifer may take

several hundred years, even though parts of the aquifer may be
readily conducting water.
On the other hand, Carlson (28) reported that mean residence

time of groundwater recharge in a Wisconsin drainage
and in a New Jersey basin, 30 days.

ba~in

as 45 days,

Continuing investigations of

groundwater movement and mixing are needed.

Sternau et al. (29) are

adopting the radioisotope-tracer method to elucidate the characteristics of aquifers.

The possibility of combining nutrient
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movement studies with aquifer studies has to be explored.
Predictions from climatological data
Allison (30) has suggested that probable leaching losses of
nitrogen (and also other nutrients) from soils may be evaluated by
comparing measured precipitation with estimates of water loss derived
from climatological data during a given period.

The idea of using

microclimatic studies to predict nutrient losses and to assist in
their measurement needs further study.
Various methods involving measurements of runoff and soil
water have been used to estimate water use by plants on watersheds
(31).

With an ever-increasing amount of data on plant use and the

development of reasonable accurate equations for predicting water
use from climatological measurements, it should not be possible, if
we know rainfall and plant use, to reverse this procedure and estimate
both interflow (seepage) and deep percolation.
In the Great Plains area, with an average of 20 in. of precipitation, about 18.8 in. is lost by evaporation and transpiration,
1 in. as stream flow (surface and interflow runoff) and 0.2 in. as
percolate

(32).

The losses by leaching and runoff would understand-

ably be small under these conditions.

In contrast, in the humid

Southern Piedmont rainfall is about 50 in.

About 11 in. runs off to

lakes and streams, and 39 in. is lost by evapotranspiration and
percolation.

Between 6 and 8.5 in. is needed to produce a corn crop;

the remainder is available for storage and deep percQlation.

If all

but 10 in. of the 39 is lost by evapo-transpiration, the remaining 21
in. of runoff and percolation is sufficient to reduce significantly
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the nitrogen content of many soil profiles.

As was pointed out in

the introduction, larger solute-removal loads occur in regions of
higher precipitation even though the concentration in low runoff areas
is much higher (12).
Allison (15) concluded that very little nitrogen loss by
leaching occurs in regions where precipitation is 50 in. or less
during the months of May to October, except in sandy soils or in
areas with unusually heavy rainfalls.

The reasoning behind this

conclusion is that during these months water loss to the atmosphere
exceeds the supply; therefore, downward movement is very slow.
many areas fall precipitation reduces the moisture
file accumulated during the growing season.

def~cit

In

in the pro-

Because the soil is dry,

absorption of the precipitation is generally greater than during the
winter when the soil is frozen or during the spring when the soil is
wet.

Consequently, both runoff and percolation are frequently greater

in the spring than at other times of the year, and this is significant
to nutrient movement.
Sewage Treatment Plants
Human waste
This section will be discussed in greater detail under section
IV--MUNICIPAL WASTEWATER TREA'IMENT PLANTS AND THEIR EFFECTIVENESS.

section VI an estimate will be made of the amount of nitrate and
phosphate leaving the sewage treatment plants in Utah Valleyo

For

now, it will be sufficient to mention briefly the effectiveness of
various types of municipal treatment facilities.

In
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Primary sewage treatment is designed to remove the large
material that can be screened or settled out.

This type of treatment

consists essentially of some type of screen and a settling pond.

The

screen is placed at the beginning of the plant where the raw sewage
enters.

The water passes through the screen and the large material

such as rags, wood, rocks etc. is removed.

The water is then pumped

into a large settling pond where the suspended material settles out.
From here the water is released into rivers and lakes.
Secondary treatment goes a little further.

In this stage the

idea is to remove as much bacteria and dissolved organic material as
possible.

To do this the effluent from the primary stage is aerated.

This is generally done by spraying the water over a large tank filled
with rocks.

This not only aerates the water, but allows the algae

growing on the rocks time to digest as much organic material as
possible.

The water is then pumped into another settling pond and

the digested waste from the bacteria settles out.

The effluent is

then chlorinated and released into rivers and lakes.
The effluent from the secondary stage is now essentially free
from bacteria and pathogenic organisms.
broken down to raw materials.
phate and carbon dioxide.

The waste material has been

These include nitrate, ammonia, phos-

However, these nutrients are not removed

from the secondary effluent because the facilities were not designed
to remove them.

To remove these compounds additional treatment

facilities are required.

These facilities are discussed in section V

under ADVANCED WASTE TREA'IMENT.

Very few areas have advanced waste

treatment so the essential nutrients required by algae are not removed
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and the effluent is dumped into our rivers and lakes.

The effect of

these nutrients is discussed in section IIIo
Soaps and detergents
Soap has had a long and interesting history.

The first soap

was discovered about 3,000 years ago when the Romans were making
animal sacrifices to their gods on a hill where a certain kind of
clay called sapo clay was abundant.

The fat from the animals

accumulated, ran down into the clay, and was eventually mixed with
ashes from the sacrifices.

Some resourceful housewife discovered that

the mixture would get the dirt out of clothes.

And soap took its name

from the clay on the hillside (33).
Until quite recently many people made their own soap by
boiling lye and animal fat together.

This resulted in a tough pro-

duct that would get the dirt out but was very hard on the skin.
Modern soap-makers have refined the procedure by using vegetable oils
and nice perfumes.

These soaps are effective but gentle to the skin.

Detergents, on the other hand, are a more recent development.
As the demand for soap increased, the supply began to decrease due to
a diminishing amount of available animal fat.

It soon became

apparent that another type of cleaning agent would have to be developed to meet the increasing demand.

Another factor that stimu-

lated development of a new cleaning agent was the undesirable side
effects of soap.

In hard water, soap forms greasy curds which make a

ring around the tub and, in some cases, a cloudy coating over whatever
is being washedo

In laundry, these· curds tend together under cuffs

and hems and leave unattractive traces (33).
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Detergents changed all of this because they are better cleaning
agents in hard water and can be manufactured from an abundant supply
of raw material.

Today's detergents, unlike soaps, are a complex

mixture of compounds.

An

overall look at the compounds going into

detergents reveals the following ingredients (34):
1.

Surface Active Agents (Surfactants)

2.

Suds Control Agents

3. Complex Phosphates
4. Silicates
5. Soil Inhibitors
6. Fabric Brighteners
7. Perfumes
8. Sodium Sulfate and Water

9. Optional and Special Ingredients such as:
a.

Carbonates

b.

Bleach

c.

Bluings

d.

Bacteriostats

e.

Enzymes

These mixtures result in superior cleaning agents with many advantages to the consumer.
Soaps and detergents are used today by nearly everyone.
cleansing action of these compounds is unquestioned.

The

The problem

lies in the disposal of these compounds once they are used.
all of the commercial soaps and detergents are biodegradable.

Today,
This

means that the organic molecules making up the compounds are easily
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broken down and digested by bacteria.

The real problem lies with the

phosphate content of detergents.
Phosphate is perhaps the key ingredient in detergent.

In

general, laundry detergents contain between 20 per cent and 6o per
cent phosphate with most brands containing 25-40 per cent phosphate.
In the Congressional Report of April 14, 1970 (35) is found a list of
the phosphorus content of household soaps and detergents.

The report

'lists the percentages, by weight, of the chemical element phosphorus
(P) in various household soaps and detergents.

Using the conversion

factors listed in the report, this paper will list the phosphorus
content of the detergents as phosphate (P04-3).

Those brands that do

not list the type of phosphate present will be assumed to contain
pentasodium tripolyphosphate (STPP) since this is the most common form
used in detergents.

(See Table 2)

The phosphate content of various

detergents bas also been determined by other organizations (36, 37).
It will be noted that discrepancies occur in the various results
reported.

An explanation for these discrepancies will not be

attempted.
The more important functions of phosphate include the following:
l.

To Sequester Calcium and other objectionable elements

2.

Disperse and suspend dirt

3o

Maintain desired alkalinity

4. Aid surfactant efficiency
These advantages make phosphate absolutely essential to the efficiency
of detergents
is usedo

(34).

But what about the disposal of phosphate once it

·'
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TABLE 2

PERCENTAGE OF PHOSPHATE IN HOUSEHOLD SOAPS AND DETERGENTS

Brand Name

III

Manufacturer

I2I

Type
of
Phol:!.P_ha te

I31

Percent of Pho~phate (Po -3 )
4
according_ to:
Manufacturer
FWPCA
As
Dry_
Purchased

I41

I5I

I6I

I.

AUTOMA.TiC DISHWASHING DETERGENTS

All

Lever

STPP
Cl TSP

44.3
19.7

54.2

73.2

Calgonite

Calgon

STPP, TSP

49.0

49.4

66.4

Cascade

Proctor & Gamble

STPP
ClSTP

44.7
22.1

54.6

70.0

Electrasol
Soft water formula
Hard water formula

Economics Lab.

STPP

21.9
35.3

34.8

36.0

Finish
Soft water formula
Medium hard water fortmJla
Hard water formula

Economics Lab.

17.9
28.7
43.1

43.9

45.9

Sears Automatic Dishwashing
Detergent

DeSoto

STPP

47.5

VJ

.p..

!··

TABLE 2 -- continued
-3

Brand Name

Manufacturer

I1I

{21

II.

Ajax Laundry

Type .
of
Phos.I>_hate

.Pl

Percent of Phosphate {P0
4 )
accord i~ to:
Manufacturer
FWPCA
As
Dry
furchased

{4I

I51

{61

HEAVY DUIY DETERGENTS

American Family Detergent

Colgate-Palmolive
p & G

Bio-Ad

Colgate-Palmolive

Blue Sail

Great Atlantic &
Pacific Tea Co.

Bold

p

&

G

STPP

45.5

44.7

Bonus

p

&

G

STPP

38.8

37 .6

39.1

Breeze

Lever

STPP

38.4

34.0

37.6

Brillo Detergent

Purex
p & G

36.4

38.8

32.4

35.2

43.5

49.4

STPP
STPP

44.7

47 .5

32.8

35.6

49.0
49.9

w

U1

35.6

STPP

38.0

Cheer
Cold Power

Colgate-Palmolive

Cold Water All {Powder)

Lever

STPP

49.0

Concentrated All

Lever

STPP

38.0

Dash

p

&

G

STPP

58.1

58.1

60.1

Dref t

p

&

G

STPP

39.9

40.3

47.5

Drive

Lever

STPP

43.9

47.5

50.6

TABLE 2

Brand Name
_{_l)

Manufacturer
12)
II.

continued

Type
of
Phos_Rhate
__{_31

-3
Percent of Phosphate {P0
)
4
according_ to:
Manufacturer
FWPCA
As
Purchased
Dr_y_
_{_4)
__{_5l
_{_61

HEAVY DUTY DETERGENTS (CONTINUED)

Duz Detergent

p &G

STPP

38.8

Easy Bright*

Theobald

STPP

26.9

Fab
Farm Service Laundry
Detergent

Colgate-Palmolive

Food Giant*

Coast Detergents

STPP

29.7

Fyne Tex*

Theobald

STPP

26.9

Gain

P&G

STPP

41.5

Grand*

Theobald

STPP

26.9

Hudso

DeSoto

Jet Power*

Theobald

STPP

26.9

Key Food*

Theobald

STPP

26.9

Lucky*

Coast Detergents

STPP

29.7

Market Basket*

Coast Detergents

STPP

29.7

News Detergent
0-So-Kleen*

Purex
Coast Detergents

STPP

35.6
29.7

Oxydol

p &G

STPP

46.7

DeSoto

38.4

40.7

36.8

40.3

58.5

w

0\

39.5

42.7

47.1

50.2

30.1

TABLE 2 -- continued

Brand Name

ClI

Manufacturer
__(21
II.

Type
of
Phos_..E.hate
__(31

Percent of Phosphate (Po -3 )
4
accordin_g_ to:
Manufacturer
FWFCA
As
Di:y_
Purchased
141
151
161

HEAVY DUTY DETERGENTS (CONTINUED)

Pathmark Cold Water
Detergent*

Theobald

STPP

30.1

Pathmark All Purpose
Detergent*

Theobald

STPP

26.9

Punch

Colgate-Palmolive

Rinso

Lever

STPP

39.5

Salvo

p & G

STPP

59.3

Sears Enzyme Laundry
Detergent

DeSoto

45.1

Sears Laundry Detergent

DeSoto

45.1

Service Soft

DeSoto

30.1

Shop Rite All Purpose
Detergent*

Theobald

STPP

26.9

Shopping Bag*

Coast Detergents

STPP

29.7

Silver Dust

Lever

STPP

38.4

Staff*

Theobald

STPP

26.9

Stater Bros.*
Sulframin HD Beads Blue*

Coast Detergents

STPP

29.7

Witco Chemical

28.5

39.1

41.1

52.2

55.4

VJ

.......

TABLE 2 -- continued

Brand Name
il)

Manufacturer
_(2}
II.

Type
of
Phos_p_hate
I3l

Percent of Phosphate (Po -3 )
4
accord ii!&. to:
Manufacturer
FWPCA
As
Purchased
DI'Y._
I6I
I5I
Ilil

HEAVY DUTY DETERGENTS (CONTINUED)

Sulframin HD Beads White*

Witco Chemical

28.5

Sulframin RSE Beads
(enzyme detergent)*

Witco Chemical

34.8

Surf

STPP

39.5

Tide

Lever
p & G

STPP

49.0

Vons*

Coast Detergents

STPP

29.7

Whirlpool Laundry Detergent

DeSoto

White Sail

Great Atlantic &
Pacific Tea Co.

45.9

48.2

19.8

24.5

40.7
STPP

49.9

Blu-White

III.
Purex

LIGHT DUTY GRANULES AND FIAKES
5.9

Bubble Club Fun Bath

Purex

Diaper Pure

Boyle-Midway

Du.z Soap

p & G

none

Instant Fels Naptha
Soap Granules
Ivory Snow

Purex

11.9

p & G

none

< 3.9

w

00

TABLE 2 -- continued

Brand Name

ill_

Ivory Flakes

Manufacturer
_(_2)_

Type
of
Phos_E_hate

I3J

Percent of Phosphate (Po -3 )
4
accordil!&_ to:
Manufacturer
FWPCA
As
Purchased
Di:y
{4_1
Isl
l6I

III. LIGHT DUTY GRANULES AND FIAKES (CONTINUED)
p & G
none

Lux Flakes

Lever

none

Our Own*

Stanson Chemicals

STPP

14.8

Stanzal*

Stanson Chemicals

STPP

1408

Supa-Safe*

Stanson Chemicals

STPP

14.8

Trend

Purex

5.9

Cold Water All (Liquid)

IV. LIQUID DETERGENTS
INCLUDING LIQUID HARD SURFACE CLEANERS
p & G
.95
TSP 12H20
24.8
Lever
TKPP

Dove Liquid

Lever

Fantastik Disinfectant
Spray Cleaner

Texize Chemicals

Gentle Fels

Purex

Cinch

Hood Pine Detergent
Annnonia
Ivory Liquid

Texize Chemicals
p & G

Janitor-in-a-Drum

Texize Chemicals

(,,.)

\0

7ol

7ol

none
1.2
none
2.4
none
4.7

.79

2.0

TABLE 2

Brand Name

I:tJ:

Joy
Lux Liquid

Mr. Clean
Pine Cleaner
Spring Scent Cleaner
Sun Glow Pine Scent
Cleaner
Swan Liquid
Sweetheart Dishwashing
Liquid

continued
-3
Percent of Phosphate (P0
)
4
accordi~ to:
Manufacturer
FWPCA
As
Dr_y_
Purchased
I41
Is>
161

Type
of
Manufacturer
Phos_p_ha te
I2I
I31
IV• LIQUID DETERGENTS -INCLUDING LIQUID HARD SURFACE CLEANERS (CONTINUED)
P&G

none

Lever
p &G

none
TKPP

9.5

Texize Chemicals

L2

Texize Chemicals

4.3

Texize Chemicals

4. 7

Lever

none

Purex

none

Top Job.

P&G
p &G

Trend Liquid

Purex

Wisk

Lever

Thrill

~-

TKPP

llo9

TKPP

12.4

.p.
0

none
TKPP

17.6

14.5

31.5

-

-·

TABLE 2

.,

Brand Name
_(l)

Manufacturer
·(2I

continued

Type
of
Phos~hate

I3l

v.

-3
)
Percent of Phosphate (Po
4
according_ to:
Manufacturer
FWPCA
As
Dr_y_
Purchased
_(5}
J.41
J.61

PRESOAKS

Biz

Colgate-Palmolive
p & G

Brion

Purex

63.3

Sears Enzyme Presoak

DeSoto

60.5

Axion

VI.

Colgate-Palmolive

Comet

p

Dutch Cleanser

Purex

Government Scouring
Cleanser
Ajax Floor and Wall Cleaner

69.2

< .11

G

73.9

82.2
+:-I-'

Cl TSP
STPP

2.6

2.6

16.0
6.7

33.9

37.5

5.9

5.0

5.1

Babbitt Prods.
VII. MISCELIANEOUS, INCLUDING OXYGEN BLEACHES

.47
16.7

Colgate-Palmolive

Purex
Beads O'Bleach
Miracle White Safety Bleach* Theobald
Theobald
Pathmark Safety Bleach*

76.3

SCOURING CLEANSERS

Ajax

&

STPP
Octadecene

68.8

31.6

STPP

5.1

STPP

30.1

.47
19. 7

TABLE 2 -- continued

Brand Name
Ill~
VIIo

-3
)
Percent of Phosphate (Po
4
accordin__g_ to:
Manufacturer
Type
FWPCA
of
As
Dr_y_
Manufacturer
Purchased
Pho~hate
_{2}
J.31
Is1
J.61
141
MISCELIANEOUS, INCLUDING OXYGEN BLEACHES {CONTINUED)

Sage Safety Bleach*

Theobald

STPP

20o2

Shop Rite Safety Bleach*

Theobald

STPP

30.8

Spic and Span

p & G

STPP
TSP

1908
20.1

20 Mule Team (R) Household Cleaner

U.So Borax

Willex Cleaner-Degreaser

Willex Prods.

STPP

25o2

32o3

8.o
3.0

*Private label manufacturer; same product marketed under various brand names.
The detergent products analyzed by FWPCA were bought in retail stores. The percentage of phosphate
in the products as purchased (Colunm. 5) may be understated because the detergent while on the shelf may
have absorbed moisture from the air, thus increasing its weight and reducing the percentage of phosphate
in the total contents of the box. Therefore, FWPCA dried the samples for 18 hours in an oven at 105°c.
Since such drying may have eliminated some volatile constituents besides water, the phosphorus percentages
in the "dry" Colunm. 6 may be overstated.
Blanks in the table indicate that data were not supplied to Committee by manufacturer or FWPCAo
Key to Phosphate Abbreviations:
STPP
Pentadosium Tripolyphosphate (Na P 0 )
TSPP
Tetrasodium Pyrophosphate (Na p o )
3 2 7
5 3 10
TKPP
Tetrapotassium Pyrophosphate (K P o )
TSP
Trisodium Orthophosphate (Na Po )
3 4
3 2 7
ClTSP
Chlorinated Trisodium Orthophosphate Hydrate Octadecene Phosphonated Octodecene

+:"'
N)

43
Secondary sewage treatment does not remove an appreciable
amount of phosphate from the wastewater.
enter our rivers and lakes.

As a result, phosphates

This produces an "enriched" environment

in which algae grow abundantly to the detriment of the environment.
The detailed effects of phosphate on the environment will be discussed in section III of this thesis.

CHAPI'ER III
EFFECTS OF EXCF.sS NUTRIENTS ON RIVERS .AND LAKES
Introduction
The great increase in population and the rapid development of
agriculture and industry have caused a phenomenal increase in our use
of water in recent years and have brought about many difficult problems in the procurement of suitable water supplies.

As the country

continues to grow and develop, these problems will become more widespread and complex.

It is certain, however, that the people of this

country will increasingly recognize that suitable water supplies are
exhaustible and that water must be conserved and used wisely.
As population and industrial demands increase and groundwater supplies become inadequate, more and more cities and villages
are turning to lakes, streams, or reservoirs for their water supplies.
This change from ground to surface source of supply has created many
new problems for those engaged in the procurement and treatment of
water for domestic and other uses.

Ground waters are essentially free

of organisms which may cause nuisance problems, whereas all surface
waters contain many organisms which may complicate the procurement of
suitable water.

Some problems are odor and taste, the clogging of

filters, growths in pipes, cooling towers and on reservoir walls,
surface water mats or blooms, infestations in finished waters, and
toxicity.
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Present methods of waste disposal are intensifying the nuisance
organism problems in waste supplies.

The number and kinds of algae

and other organisms which grow in surface waters depend on environmental conditions.

Fertilizing materials such as sewage and organic

wastes from milk plants, canneries, slaughter houses, paper mills,
starch factories, and fish processing plants greatly increase the
productivity of the waters and their crops of algae and other plankton
organisms.

Many of these organisms produce problems when they become

abundant.

It is apparent, therefore, that nuisance organism problems

will become more widespread and severe as our growing urban populations and industry continue to discharge their wastes into streams.
In muddy streams such as the Missouri, turbidity limits light
penetration sufficiently so that few problems occur from algal growth •
.When impoundments are built in such a stream they create settling
basins in which the water clears and algal growths develop, producing tastes and odors or other nuisance conditions.

The extensive

impoundment program which has been underway for over twenty years can
create many water supply problems which did not exist previously in
these waters.
Pool size, shape, depth, amount of shore line, extent of shoal
areas, character of the bottom, physiography and soils of the watershed, amount and rate of precipitation, sunlight, and the quality of
the water are all factors influencing the growth of algae in reservoirs.

A narrow deep reservoir having no shoal areas, a minimum of

shore line, little wind mixing, unproductive watershed, and water
which is low in dissolved solids will have less algae than a wide,
shallow, irregular reservoir located in an area of rich soil where the
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incoming water is rich in dissolved materials and there is complete
· .wind mixing.
utilized.

In many areas the best reservoir sites have already been

New reservoirs will have to be built in less favorable sites

where productivity of algae will be greater.

In the great plains area

and in several other parts of the country, reservoir sites for water
storage are usually wide and shallow and favorable for the development
of plankton growths

(38).

Significance of Algae in Water Supplies
One of the principal reasons for the importance of algae is
their ability to form very large quantities of organic matter in
water.

It has been estimated, for example, that more than 130 tons

of algae per day flow into Fox

Riv~r,

Wisconsin, from Lake Winnebago

·(39). The volume of plankton algae-in the Scioto River, Ohio, has
reached a maximum of more than

8,ooo

p.p.m. (40).

Lake Michigan at Chicago have at times been over

Algal counts for

4,ooo

organisms per

ml (41), and the White River in Indiana has counts exceeding 100,000
algae per ml (42).

Such large quantities of algal material can always

be counted on to cause serious difficulties in water treatment plants.
Some members of certain particular kinds of algae may also be
troublesome.

The diatoms Tabellaria, Synedra, and Melosira will almost

invariably reduce the length of filter funs in drinking water purification by clogging the filters.

The brown flagellate Synura, even in

small numbers, produces a noxious taste and odor.

Comparatively low

concentrations of most of the algae, however, are often an asset
rather than a liability in raw waters, because they help purify the
water.

The unattached organisms that are dispersed individually or in
colonies in the water are designated collectively as the "plankton".
Included are the plankton algae, which constitute most of the "phytoplankton" (meaning plant plankton), and the planktonic animals or
"zooplankton".

When the water supply comes from a large, deep reser-

voir or lake, the planktonic algae are likely to be of much more
significance than the attached or "benthic" algae.
All surface waters contain dissolved and suspended materials
which serve as nutrients and support the growth not only of algae but
of many other kinds of aquatic life, numbers of which are governed
to a great extent by the amounts and kinds of nutrients available.
Some of the aquatic plants and animals are large, such as the fish,
turtles, cattails, and water lilies, but there are immense populations
of small forms, many of them microscopic in size.

The microscopic

organisms in addition to algae include bacteria, actinomycetes,
molds or fungi, yeasts, protozoa,
worms, and mites

rotif~rs,

micro-crustacea, minute

(43).
Relation of Sewage to Algae

Conditions found in a stream receiving untreated
domestic sewage
The entrance of untreated domestic sewage produces a well defined series of physical, chemical and biological changes in a
flowing stream (46)o

(See Figure 6)

~n

heavily polluted streams,

the region immediately below the source of pollution is characterized
by a high bacterial population.

The water frequently has a cloudy

appearance, high biochemical oxygen demand and a strong disagreeable
odor, all indicating general depletion of dissolved oxygen.

Masses
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Fig. 6.--The effects of sewage on a river

FRESH WATER
GAME FISH
MIXED SPECIES OF
FORAGE & ROUGH FISH
FEW ROUGH FISHES
MIXED PLANl<TON (larger size)
REDUCED FORAGE
CHLOROPHYLL-BEARING ALGAE
(MANY BLUE-GREENS)
MIXED FISHES (more species)
ZOOPLANKTON' (very small, few
species)
FREE N03 , NH3 , Po4-3 available
DISSOLVED ORGANIC COMPOUNDS
HIGH DO DAY, LOW DO AT NIGP.T
MORE CHLOROPHYLL-BRARING
PLANKTON
WATER CLEARING

t

t

COLORLESS FLAGELLATES
SOME CHLOROPHYLL-BEARING
SPECIES
MORE DO, BLUE-GREEN &
FILAMENTOUS GREEN ALGAE
FEW SPECIES ROUGH FISH
(pollution tolerant)
FEW SPECIES (paramecium &
colpidium
BACTERIA EATING PLANKTON
FEW CARP & BUFFALO FISH
HIGH BACTERIA, SLUDGE MASSES
CLOUDY WATER
HIGH BOD
DOW DO
STRONG ODOR
STALKED CILIATES ON BOTTOM
(vorticella & carchesium)

t

FRESH RIVER WATER
MIXED SPECIES OF FORAGE
AND ROUGH FISHES
GAME FISH

SOURCE:

Fo J. Brinley ''Biological Studies, Ohio River Pollution
Survey. I. Biological Zones in a P~lluted Stream. Biology
OfWater Pollution, 14, 147-152 (1942).
Illustrated by Lynn T. Kenison.

of gaseous sludge, rising from the bottom of the more sluggish streams,
are often noticed floating near the surface of the water.

The plank-

ton population in this region is composed largely of bacteria-eating
ciliated protozoa, such as Paramecium and Colpidium.

Large numbers

of stalked cilliates (Vorticella and Carchesium) are frequently found
attached to bottom objects.

Colorless flagellates may be abundant,

with an occasional chlorophyll-bearing species.

The total volume of

plankton is usually less than 2,000 parts per million but may reach
several times that figure if conditions are optimum for the development of large numbers of protozoa.

Long streamers of sewage fungus

are frequently attached to submerged objects.

The fishes that

normally penetrate this region are carp and buffalo and they are
found near the sewer outlet, feeding upon the raw sewage, where the
bacterial action has not yet depleted the dissolved oxygen.

These

fish survive the prevailing low oxygen concentration by coming to the
surface to "gulp" air.

Farther down stream:, after sufficient time has

elapsed for the masses of bacteria to decompose the sewage, the water
tends to become clear and the dissolved oxygen level is sufficiently
high to support forage and rough fish.

The plankton population is

slightly higher than upstream but is still composed largely of ciliated protozoa and colorless flagellates.

Chlorophyll-bearing species

are beginning to make their appearance in noticeable numbers.

Blue-

green and filamentous green algae are commonly found along the margins
and bottom of the stream.

Accumulated oxygen may bring large masses

of the bottom algae to the surface of the water and give to the stream
an unsightly appearance.

(These floating islands of algae should not

be confused with the gaseous sludge masses previously mentioned.)

The
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combined photosynthetic action of all the green plants is an important
factor in raising the oxygen level, especially on bright sunny days.
The adjacent region farther downstream clearly shows the
beneficial effect of the decomposed sewage which entered upstream.
The bacterial action in the upper reaches of the stream has oxidized
the complex organic compounds present in the sewage to nitrates and
phosphates.

The availability of these and 1products as plant foods

results in the development of large numbers of chlorophyll-bearing
algae, which furnish food for the zooplankton and this food supply
results in an increase in the population of mixed fishes.

The photo-

synthetic action of the green algae in this region increases the
dissolved oxygen, often to supersaturation during the day, which,
however, decreases at night but seldom to the asphyxial level for
fishes.
Still farther downstream the plankton population drops sharply,
probably owing largely to the utilization of the available food
materials by the heavy growth of plankton in the upstream region.
There is a tendency for reduction in the forage and rough fishes,
but the game fishes tend to increase.
Condition found in a stream receiving
primary sewage effluent
Beneficial effects of primary treatment are shown by the reduction in sludge deposits and a shortening of the zone of degradation.

The rest is the same as above.

(See Figure 6)

•
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Conditions found in a stream receiving
secondary sewage effluent
The stream receiving effluent from a secondary treatment plant
is greatly improved over those mentioned above.

The early obnoxious

stage will not occur and the stream will be benefited by the fertilizing effect of the sewage for many miles of its length.

(See

Figure 6)
Photosynthesis In Algae
Algae differ from the other groups of small or microscopic
organisms in possessing an internal green pigment called chlorophyll.
This is sometimes hidden or partially masked by other pigments.
Chlorophyll enables algae, in the presence of sunlight, to combine
water and carbon dioxide to form starch or related substances and to
release oxygen into the water.

This process known as photosynthesis

(46) is absent in all typical bacteria, actinomycetes, fungi, yeasts,
protozoa, and crustacea.

In general, it is not characteristic of

animals but is common to all types of green plants.

On

the other

hand, respiration is a process carried on by all plants and animals
and the gaseous exchange is the opposite of that in photosynthesis;
i.eo, oxygen is absorbed and carbon dioxide is released.

However, in

algae and other green plants the rate of their photosynthesis is
normally faster than their respiration.

These organisms, therefore,

release more oxygen than they use and absorb more carbon dioxide than
they release while animals and other nonphotosynthetic organisms release carbon dioxide and absorb oxygen from their environment.

For

this reason, the amounts of oxygen and carbon dioxide in an environment such as water often depend to a large degree upon the relative
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rates of photosynthesis and respiration being carried on collectively
by the algae, bacteria, and other organisms in that area

(43).

The algae make possible important chemical changes and metabolic
activities in the water through their release of oxygen during daylight hours.

The oxygen is made available for respiration that is

carried on by All types of animals from fish on down to the smallest
forms.

It helps to prevent foul or septic conditions by stimulating

the activities of aerobic rather than anaerobic bacteria.

The algae

constitute the primary source for continuous daytime renewal of this
essential element in most bodies of quiet water.

Oxygen release by

algae and oxygen uptake by reaeration are the two primary sources for
renewal of oxygen in flowing streams and turbulent water.
Another important chemical effect of algae is the continuous
removal of carbon dioxide from the water during the daylight hours as
a result of photosynthesis.

This process brings about an alteration

in the relative amounts of soluble (unbound) carbonic acid, intermediately soluble (half bound) bicarbonates, and the nearly insoluble
{bound) carbonates, often causing some of the latter to precipitate.
All of this produces a change in the total hardness of the water.
Vigorous algal growths have been known to reduce the water hardness
by as much as one-third.
These changes in carbon dioxide and hardness also tend to
change the pH of the water.

The pH will increase as the algae in-

crease their photosynthetic activity during daylight hours.

The pH

then decreases at night when the algae are not carrying on photosynthesis but are releasing carbon dioxide in respiration.
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Corrosive activity of the water is also often increased as a
result of algal growth.

This can have far-reaching effects on the

pipes in the distribution system and on many industrial processes where
water is in contact with the machinery.

In California, algae attached

to the metal walls of sedimentation tanks caused deep pits to be formed
in the metal as a result of the oxidation of the steel by the oxygen
produced by the algae.

Algae in contact with submerged concrete

blocks have caused complete disintegration of the concrete

(47).

This is due to the formation of sulfuric acid which dissolves the
concrete.
Increasing attentlon is now being paid to algae that produce
toxic organic substances which cause the death of many kinds of wild
and domestic animals.

However, there appear to be few records of

algae that are toxic to humans, although some have several times been
looked upon with suspicion as the possible cause of certain outbreaks
of gastrointestinal disorders among persons using a common water
supply.
Identification of A1gae (43)
Several of the larger groups of algae are recognized by their
common names, such as the diatoms, demids, armored flagellates,
euglenoids, greens, blue-greens, yellow-greens, browns, goldenbrowns, and reds.

Included in these groups are numerous individual

kinds which total probably more than twenty thousand.

Each one of

these is known as a genus (plural, "genera") and is composed of
specific kinds known as species (plural is also "species") o
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Experience in water and sewage treatment plants has demonstrated
that there is considerable difficulty in recognizing the various algae
that are encountered and in determining which of the many present are
really important.

For convenience, most of the algae of importance

in water supplies may be characterized in four general groups:

the

blue-green algae, the green algae, the diatoms, and the pigmented
flagellates.

This is a simplification of the grouping which is used

in more extensive treatises on the classification of algae.

As might

be expected, there are a few miscellaneous forms which do not fit into
these four groups.
An example of the blue-green algae is the Desmonema. (Figure 7)

As the name implies, many of the specimens have a blue-green color.
They are surrounded by a slill\Y coating.
structures are comparatively simple.
by Pediastrum.

(Figure 7)

Their form and internal

The green algae are exemplified

Their most common color is grass green

to yellow-green and is localized in plastids.
generally starch.
tella.

(Figure 7)

Reserve food is

The diatoms are represented by the genera CycloThey have a rigid wall containing silica which is

sculptured with regularly arranged markings.
brown to greenish in color.

Their plastids are

In the pigmented flagellates are placed

all of the swimming algae which have flagella.
is a representative of this group.

The Euglena (Figure 7)

A comparison of the more sig-

nificant characteristics of the four groups of algae is summarized
in Table 3.

PEDIASTRUM BORYANUM

DESMONEMA WRANGELII

BLUE-GREEN ALGAE

------CYCLOTELLA

EUGLENA
Vt
VI

DIATOMS

PIGMENTED FLAGELLATES

Fig. 7.--Examples of the four major groups of algae in water supplies.
source:

c. M. Palmer, "Algae in Water Supplies," U.S. Dept. of Health, Education, and Welfare, Public
Health Service, Division of Water Supply and Pollution Control, Washington 25, D.C.
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TABLE 3
COMPARISON OF THE FOUR MAJOR GROUPS OF ALGAE IN WATER SUPPLIES
CHARACTER IS TICS

BLUE-GREEN
ALGAE

~EEN

ALGAL GROUPS
ALGAE
DIATOMS

PIGMENTED
FIAGELIATES

COLOR-----

Blue-green
to brown

Green to
yellowgreen

Brown to
light-brown

Green or
brown

LOCATION OF
PIGMENT

1'hroughout cell

In plastids

In plastids

In plastids

STARCH----

Absent

Present

Absent

Present or
absent

SLlNY COA. TING

Present

Absent in
most

Absent in
most

Absent in
most

CELL WALL- - -

Inseparable
from
siimy
coating

Semirigid,
smooth
or with
spines

Very rigid,
with
regular
marking

Thin, thick
or absent

NUCLEUS----

Absent

Present

Present

Present

FI.AGELLUM---

Absent

Absent

Absent

Present

EYE SPOT----

Absent

Absent

Absent

Present

Source:

Palmer, c. M., "Algae in Water Supplies", U.S. Dept. of Health
Education, and Welfare, Public Health Service, Divison of Water
Supply and Pollution Control, Washington 25, D.C., p. 8.
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Taste and Odor Algae (43)
One of the requirements in the production of potable water for
modem communities is that the product shall be free of obnoxious
and abnormal tastes and

ado~s.

There are several causes of_these

tastes and odors,. but the algae in the raw water supply arerecognized as being either the.primary, or at least one of the....most
'
important causes.

A nationwide survey reported in

1957 (48) indicated that algae

were considered by water works officials to be the most frequent cause
of tastes and odors in water supplies, with decaying vegetation second
in importance.

The decay or decomposition is brought about by fungi

and bacteria, including the actinomycetes.

Often a considerable

proportion of the decaying vegetation is composed of dead algal cells.
The odors that are produced through the activities of fungi and
bacteria may be either from the intermediate products formed during
the decomposition or from special substances that are synthesized within the cells of the microorganisms.

The latter appears to be true in

the case of actinomycetes.
A few algae are well known for the production of specific distinctive tastes and odors while a larger number of others are
associated with tastes and odors that vary in type according to local
conditions.
lates are

~he

Certain diatoms, blue-green algae, and pigmented flagelprincipal offenders _but green algae, including desmids,

may also be involved.

Thirty-nine species have been selected as

representative of the important taste and odor algae.

They are

listed alphabetically under their respective groups in Table 4.

Other
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TABLE 4
TASTE AND ODOR ALGAE, REPRESENTATIVE
SPECIES GROUP AND ALGAE
BLUE-GREEN ALGAE (MYXOPHYCEAE)
Anabaene circinalis
Anabaena planctonica
Anacystis cyanea
Aphanizomenon flos-aqua
Cylindrospermum musicola
Gomphosphaeria lacustris, kuetzingianum type
Oscillatoria curviceps
Rivularia haematites
GREEN ALGAE (NONMOTILE CHLOROPHYCEAE, ETC.):
Chara vulgaris
Cladophora insignis
Cosmarium partianum
Dictyosphaerium ehrenbergianum
Gloeocystis planctonica
Hydrodictyon reticulatum
Nitella gracilis
Pediastrum tetras
Scenedesmus abundans
Spirogyra majuscula
Staurastrum paradoxum
DIATOMS (BACILLARIOPHYCEAE):
Asterionella gracillima
Cyclotella compta
Diatoma vulgare
Fragilaria construens
Stephanodiscus niagarae
Synedra ulna
Tabellaria fenestrata
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TABLE 4--CONTINUED
FLAGELLATES (CHR.YSOPHYCEAE, EUGLENOPHYCEAE, ETC.):
Ceratium hirundinella
Chlamydomonas globosa
Chrysosphaerella longispina
Cryptomonas erosa
Dinobryon divergens
Euglena sanguinea
Glenodinium palustre
Mallomonas caudata
Pandorina morum
Peridinium cinctum
Synura uvella
Uroglenopsis americana
Volvox aureus
Source:

c. M. Palmer, "Algae in Water Supplies," U.S. Dept. of Health
Education, and Welfare, Public Health Service, Division of
Water Supply and Pollution Control, Washington 25, D.C., p. 19.
1962
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genera and species, in addition to the ones selected must be considered also as potential offenders and many of these are included in
Table 5.
Measurement of Odors (43)
For the measurement of odors in water the threshold odor taste
is comnonly employed (49).

The threshold measurement is the ratio by

which the odor-bearing sample has to be diluted with odor-free water
for the odor to be just detectable by the odor test.
"threshold odor number."

This is the

The total volume of the sample and odor-

free water used in each test is 200 ml.
and corresponding threshold numbers.

Table 6 gives the dilutions

The threshold odors due to

algae tend, in some areas, to be comparatively low, ranging from 1
to 14, but in other areas they frequently go up to 30 or
occasionally reach as high as 90 or more.

4o, and

Algal odors are generally

objectionable, however, even when the threshold odor number is low.
For satisfactory treatment, the threshold odor usually has to be reduced to 5 or less.

However, each water supply and often each odor

outbreak must be judged independently, in determining the threshold
number below which the water is considered palatable.
Polluted Water Algae (43)
Water containing one or_ more of various types of "impurities"
may be said to be "polluted."

The term pollution is usually re-

stricted to situations in which the condition is considered potentially harmful to human health or capable of interfering seriously
with the use of the water or its imnediate environment.

Most of the

information available on algae in relation to polluted water is

TABLE 5
ODORS, TASTES, AND TONGUE SENSATIONS ASSOCIATED WITH ALGAE IN WATER
ALGAL GENUS

ODOR WHEN ALGAE ARE

ALGAL GROUP

Actinastrum
Anabaena

Green
Blue-green

Anabaenopsis
Anacystis
Aphanizomenon
Asterionella
Ceratium
Chara
Chlamydomonas
Chlorella
Chrysosphaerella
Cladophora
(Clathrocystis)
Closterium
(Coelosphaerium)
cosmarium
Cryptomonas
Cyclotella
Cylindrospermum
Diatoma
Dictyosphaerium
Dinobryon
Eudorina
Euglena
Fragilaria
Glenodinium

Blue-green
Blue-green
Blue-green
Diatom
Flagellate
Green
Flagellate
Green
Flagellate
Green
See Anacystis.
Green
See Gomphosphaeria
Green
Flagellate
Diatom
Blue-green
Diatom
Green
Flagellate
Flagellate
Flagellate
Diatom
Flagellate

MODERATE

ABUNDANT

TASTE

TONGUE
SENSATION

None
Grassy, nasturtium,
musty
None
Grassy
Grassy, nasturtium
Geranium, spicy
Fishy
Skunk, garlic
Musty, grassy
None
None
None

Grassy, musty
Septic

None
None

None
None

Grassy
Septic
Septic
Fishy
Septic
Spoiled, garlic
Fishy, septic
Musty
Fishy
Septic

None
sweet
sweet
None
Bitter
None
sweet
None
None
None

None
None
Dry
None
None
None
Slick
None
None
None

None

Grassy

None

None

None
Violet
Geranium
Grassy
None
Grassy, nasturtium
Violet
None
None
Geranium
None

Grassy
Violet
Fishy
Septic
Aromatic
Fishy
Fishy
Fishy
Fishy
Musty
Fishy

None
sweet
Sweet
None
None
None
None
None
Sweet
None
None

None
None
None
None
None
None
Slick
None
None
None
Slick

0\
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TABLE 5 -- continued
ALGAL GENUS

ALGAL GROUP

(Gloeocapsa)
Gloeocystis
Gloeotrichia
Gomphosphaeria
Gonium
Hydrodictyon
Mallomonas
Melosira
Mer id ion
(Microcys tis)
Nitella
Nostoc
Oscillatoria
Pandorina
Pediastrum
Peridinium
Pleurosigma
Rivularia
Scenedesmus
Spirogyra
Staurastrum
Stephanodiscus
Synedra
Synura

See Anacystis
Green
Blue-green
Blue-green
Flagellate
Green
Flagellate
Diatom
Diatom
See Anacystis
Green
Blue-green
Blue-green
Flagellate
Green
Flagellate
Diatom
Blue-green
Green
Green
Green
Diatom
Diatom
Flagellate

Tabellaria
Tribonema

Diatom
Green

ODOR WHEN ALGAE ARE
MODERATE

ABUNDANT

TASTE

None
None
Grassy
None
None
Violet
Geranium
None

Septic
Grassy
Grassy
Fishy
Septic
Fishy
Musty
Spicy

None
None
Sweet
None
None
None
None
None

Grassy
Musty
Grassy
None
None
Cucumber
None
Grassy
None
None
None
Geranium
Grassy
Cucumber, muskemelon,
spicy

Grassy, septic
Septic
Musty, spicy
Fishy
Grassy
Fishy
Fishy
Musty
Grassy
Grassy
Grassy
Fishy
Musty
Fishy

Bitter
None
None
None
None
None
None
None
None
None
None
None
None
Bitter

Geranium
None

Fishy
Fishy

None
None

TONGUE
SENSATION

O'\

l"o)
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TABLE 5 -- continued
ALGAL GENUS
(Uroglena)
Uroglenopsis
Vlothrix
Volvox
Source:

ALGAL GROUP
See Uroglenopsis
Flagellate · .
Green
Flagellate

0 OOR WHEN ALGAE ARE
MODERATE
Cucumber
None
Fishy

ABUNDANT
Fishy
Grassy
Fishy

TASTE

None
None
None

TONGUE
SENSATION
Slick
None
None

c. M. Palmer, "Algae in Water Supplies," U.S. Dept. of Health, Education, and Welfare, Public
Health Service, Division of Water Supply and Pollution Control, Washington 25, D.C., p. 20.
O'\
VJ
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TABLE 6
ODOR THRESHOLD NUMBER FROM FRESH WATER SOURCE
Sample
Volume
Diluted
to 200 ml
(ml)

Threshold
Odor
Number

Sample
Volume
Diluted
to 200 ml
(ml)

Threshold
Odor
Number

12

17

200

1

140

1.4

8.3

24

100

2

5.7

35

70

3

4

30

50

4

2.8

70

35

6

2

100

25

8

1.4

140

17

12

1.0

200

Source:

Standard Methods for the Examination of Water and Wastewater,
Ed. 12, American Public Health Assoc., N.Y., p. 308, 1965.
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limited to water containing treated or untreated domestic sewage and
closely related organic wastes.

The following will deal primarily

with this ty-pe of water pollution.
After domestic sewage or effluent has polluted a body of water
such as a stream, the algae present react in a manner that bas come to
be recognized as of considerable importance.

During the process of

natural purification, the algae oxygenate the water and also utilize
byproducts of the purification process.

The kinds and numbers of

algae and other organisms in the polluted portion of a stream are
different from those present in the unpolluted portion above the sewer
outlet.

As the sewage goes through stages of decomposition in the

stream, the numbers and kinds of microorganisms continue to change
until eventually the aquatic flora and fauna in the purified water
become somewhat similar to those found above the point of pollution.
The algae represent a conspicuous and significant group in this
continuously changing population in a stream.

The variation in the

algal population at different points or under different conditions of
pollution constitutes one of the indices that can be applied to any
desired location in the stream to determine the presence or absence

ot domestic sewage or other putrescible wastes, or to measure the
degree of recovery from pollution with these wastes.
It appears evident to many workers that particular genera or
even species of algae, when considered alone, are not reliable indicators of organic pollution.

However, when a number of kinds of algae

are considered as a cormnunity, that group may be a reliable index.
Lists of algae and other organisms indicative of the various
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pollution zones in a stream have been compiled, including those by
Kolkwitz (50), Liebmann (51), and Whipple, Fair, and Whipple (52).
Emphasis in this account is placed on the algae which various
workers have found to be present and relatively prominent or per- .
sistent in the decomposition zones of polluted streams.
Reports of more than fifty workers have been examined for names
of algae commonly found in waters containing a high concentration of
organic wastes.

From these, a total of more than five hundred species

of algae has been compiled by Palmer (53).

Forty-seven of the more

important species from this group have been selected and are given in
Table

7. The blue-green algae and the flagellates are the algal

groups most frequently encountered in the portion of a stream containing organic wastes.
Relation of Sewage to Fish Life (54).
The effect of sewage on fish life varies with the season and
also with the time of day.

In summer the fish are active, their

metabolic rate is high and more oxygen is required for their respiration than during the winter, when their activity is greatly reduced.
On the other hand, during the warm summer periods the bacterial decomposition in a heavily polluted region of a stream is at its
maximum, resulting in an increased biological oxygen demand and a
lower dissolved oxygen concentration.

The solubility of oxygen,

moreover, is less in warm water than in cold water, so that less
oxygen is absorbed from the atmosphere and held in solution.

The in-

creased oxygen requirement of the fish and the reduced oxygen concentration of the water renders hot weather particularly unfavorable for
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TABLE 7
POLLUTION ALGAE
(ALGAE COMMON IN ORGANICALLY ENRICHED AREAS)
BLUE-GREEN ALGAE (MYXOPHYCEAE) :
Agmenellum quadriduplicatum, tenusissima type
Anabaena constricta
Anacystis montana
Arthrospira jenneri
Lyngbya digueti
Oscillatoria chalybea
Oscillatoria chlorina
Oscillatoria formosa
Oscillatoria lauterbornii
Oscillatoria limosa
Oscillatoria putrida
Oscillatoria tenuis
Phormidium autumnale
Phormidium uncinatum
GREEN ALGAE (NONMOTILE CHLOROPHYCEAE):
Chlorella pyrenoidosa
Chlorella vulgaris
Chlorococcum humicola
Scenedesmus quadricauda
Spirogyra communis
Stichococcus bacillaris
Stigeolonium tenue
Tetraedron muticum
DIATOMS (BACILLARIOPHYCEAE):
Gomphonema parvulum
Hantzschia amphioxys
Melosira varians
Navicula cryptocephala
Nitzschia acicularis
Nitzschia palea
Surirella ovata
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TABLE 7 -- continued
FLAGELLATES (EUGLENOPHYCEAE, VOLVOCALES OF CHLORPHYCEAE):
Carteria multifilis
Chlamydomonas reinhardi
Chlorogonium euchlorum
Cryptoglena pigra
Euglena agilis
Euglena deses
Euglena gracil is
Euglena oxyuris
Euglena polymorpha
Euglena viridis
Lepocinclis ovum
Lepocinclis texta
Pandorina morum
Phacus pyrum
Pyrobotrys gracilis
Pyrobotrys stellata
Spondylomorum quaternarium
Source:

c. M. Palmer, "Algae in Water Supplies," U.S. Dept. of Health
Education, and Welfare, Public Health Service, Division of
Water Supply and Pollution Control, Washington 25, D.C., p.38.
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fish life in a polluted stream.

Fish, therefore, usually die of

suffocation during warm periods in regions grossly polluted by
putrescible organic mattero

It must not be assumed that summer is

the only time that fish suffer from low oxygen concentration, because
thousands of fish may die under ice by suffocation owing to the
depletion of oxygen by decaying organic matter.

This condition may

last for only a day or two but that is sufficient time to destroy the
fish population in a stream.
The toxicity of the hydrogen sulfide and other compounds produced by anaerobic bacterial action in the bottom sludge deposits may
be an important factor in the death of fish in streams receiving
untreated sewage.

Ellis

(55) reports that 10 ppm of H2s in hard water

killed goldfish in 96 hours or less.

Local freshets resulting from

heavy rains during low water periods tend to mix the sludge with the
supernatant water and to carry the putrid mass downstream.

The re-

sulting reduction in the dissolved oxygen and the end products of
anaerobic bacterial action destroy the fish for miles below.
It is also well known that heavy organic pollution causes an
increase in disease, parasitism and abnormalities among fish

(55).

The deposition of sludge on the bottom of streams renders that
portion of the stream unfit for nesting sites and will smother any eggs
that may have been laid prior to the entrance of the waste.

Polluted

regions may also act as barriers to the upstream migration of fish
for the purpose of spawning.
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Algae and Sewage Treatment
Treatment and disposal of sewage is an essential process in all
large cities and in an increasing number of smaller communities.

The

actual decomposition of the sewage is almost invariably brought about
by microorganisms.

Chemical or physical methods such as the use of

strong acids or drying and burning are generally too expensive in
comparison with the biological treatment.
In the biological process several types of microorganisms are
frequently involved.

The treatment plant operation consists primarily

of making conditions ideal for the rapid development of bacteria,
molds, protozoa, and rotifers, since it is through the activities of
these microorganisms that the sewage is changed from an offensive to
an inoffensive condition

(56).

Recently algae have received more attention for the part they
are able to play in sewage treatment.

In sewage stabilization ponds

or lagoons, algae can be utilized for the production of oxygen essential to the growth of the bacteria and other organisms that break
down the organic wastes.

With algae it is possible to support

immense populations of aerobic bacteria, and the sewage stabilization
process is greatly accelerated.

Large open shallow basins or waste

stabilization ponds are required in order that light will be available through the liquid to stimulate algal growth and activity.
Certain kinds of algae are able to grow in the presence of a high
concentration of sewage and these may be stimulated to grow and
multiply very rapidly.

It appears that only'young algal cells will

produce large quantities of oxygen, thus making it desirable that the
multiplication of additional young cells be kept up as a continuous
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process at the sewage treatment plant.

The sewage is emptied into the

shallow open basin or lagoon and allowed to move slowly through it
while the algae multiply rapidly and produce the oxygen.

The algae

which develop in large numbers in sewage stabilization ponds and
lagoons are the same kinds that are present in the portions of
streams which are polluted with organic wastes

(57).

The massive growths of algae developed in sewage stabilization
ponds and lagoons may eventually become a new source of fertilizer,
vitamins, and animal feed, and other products for commerce.

Algae

also are potentially valuable as efficient users of the nutrient
salts resulting from decomposition of sewage, so that algae might
supplement the land products useful to man.
by harvesting the algae.

This can be accomplished

Thus the pollution algae may become useful

not only as indicators and as purifiers but as producers (58)0
Clean Water Algae
Clean water organisms are those found in water which is free
of sewage or other organic enrichment due to waste discharge.

The

clean water may be that portion of streams above sewage outlets or
far enough downstream for the sewage to have been reduced to relatively
inoffensive salts and other simple compounds.

Most of these products

of sewage decomposition are nutrients and will stimulate organisms
such as algae to grow much more profusely than they do in the stream
above the sewage outlet, where nutrients are limited in quantity.

The

kinds of algae in the clean waters upstream and downstream tend to be
similar, however.
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Large numbers of algae will be found in the section of the
stream often called the "recovery zone" which contains partially
decomposed sewage.

It is difficult to select particular algae as

the best indicators of the downstream clean water zone, since it is
adjacent to the "recovery zone" where purification is still in progress.

As with the polluted water forms, it is more satisfactory to

emphasize the presence or absence of several of the clean water algae
rather than of any one species alone in defining the clean water zone.
Forty-six species have been selected as representative of the
clean water algae and are listed in Table 8.

The group includes

several diatoms, several brown to reddish flagellates, certain greens
and blue-greens, and a few fresh-water red algae of the class
Rhodophyceae.

A number of them, particularly the flagellates, are

very minute and appear small even under the high power of a compound
microscope, but they frequently are better indicators of clean water
than many larger algae that may be mixed with them.

However, a few

of the larger forms are also useful in indicating the condition of the
water and are represented by certain species of Cladophora, Phizoclonium, Lemanea, and others.
Some of the clean water algae are planktonic, while others are
attached to rocks or other material at the bottom or sides of the
stream.

The blue-green algae Entophysalis lemaniae (formerly called

Chamaesiphon incrustans) and the diatom Cocconeis placentula are
epiphytic, i.e., algae which grow attached to the surface of other
plants in the water.
Clean water algae are commonly listed by some writers as
typical of the oligosaprobic zone, which is defined as the "zone of
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TABLE 8
CLEAN WATER ALGAE
BLUE-GREEN ALGAE (MYXOPHYCEAE):
Agmenellum quadriduplicatum, glauca type
Calothrix parietina
Coccochloris stagnina
Entophysalis lemaniae
Microcoleus subtorulosus
Phormidium inundatum
GREEN ALGAE (NONMOTILE CHLOROPHYCEAE):
Ankistrodesmus falcatus, var. acicularis
Bulbochaeta mirabilis
Chaetopeltis megalocystis
Cladophora glomerata
Draparnaldia plumosa
Euastrum oblongum
Gloeococcus schroeteri
Micrasterias truncata
Rhizoclonium hieroglyphicum
Staurastrum punctulatum
Ulothrix aequalis
Vaucheria geminata
RED ALGAE (RHODOPHYCEAE):
Amphora ovalis
Cocconeis placentula
Cyclotella bodanica
Cymbella cesati
Meridian circulare
Navicula exigua var. capitata
Navicula gracilis
Nitzschia linearis
Pinnularia nobilis
Pinnularia subcapitata
Surirella splendida
Synedra acus var. angustissima
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TABLE 8 -- continued
FLAGELLATES (CHRYSOPHYCEAE, CRYPTOPHYCEAE, EUGLENOPHYCEAE,
AND VOLVOCALES OF CHLOROPHYCEAE):
Chronrulina rosanoffi
Chroomonas nordstetii
Chroomonas setoniensis
Chrysococcus major
Chrysococcus ovalis
Chrysococcus refescens
Dinobryon stipitatum
Euglena ehrenbergii
Euglena spirogyra
Mallomonas caudata
Phacotus lenticularis
Phacus longicauda
Rhodomonas lacustris
Source:

c. M. Palmer, "Algae in Water Supplies," U.S. Dept. of Health
Education, and Welfare, Public Health Service, Division of
Water Supply and Pollution Control, Washington 25, D.C., p.42.
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cleaner water" where mineralization has been completed (59).

However,

from the standpoint of sanitation this zone of water is not likely to
be clean and pure since it undoubtedly is not free of bacteria and
viruses of intestinal origin.

The oligosaprobic zone does not have a

fixed location nor length since the distance required for stream
purification varies according to temperature, the pollution load, the
rate of flow, and other factors.

More extensive lists of organisms

considered characteristic of the various pollution zones have been
published by Butcher
Patrick

(64),

(60), Kolkwitz (61), Lackey (62), Liebmann (63),

and others

(65).

Butcher (6o) claimed that a community composed of the diatom
Cocconeis and the blue-green alga Entophysalis (listed as Chamaesiphon)
is present in the portion of the stream which has returned to normal
following purification of a polluted condition.

Kolkwitz

(61) lists

as oligosaprobic sixty-one diatoms, forty-two green algae, forty-one
pigmented flagellates, twenty-three blue-green algae, and five red
algae.

Lackey

(62) found seventy-seven species of planktonic algae

in the clean water portion of a small stream forty of which were
absent in the polluted area a short distance downstream.

Liebmann

(63) emphasized particularly the following algae as characteristic
of the oligosaprobic zone.

The flagellate Chromulina rasanoffi in

slow flowing water, and the flagellate Mallomonas caudata, the green
algae Ulothrix zonata and Microspora amoena, and the red algae
Lemanae annulata and Batrachospermum vagum in rapidly flowing water.
Patrick

(64)

listed Amophora ovalis and Gyrosigma attenuatum as

examples of diatoms that seemed to be adversely affected by high
organic content of water.

Brinley (65) reported that the presence
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of the flagellate algae Chrysophyceae, appeared to be indicators of
clean, unpolluted water.

They tended to be present in moderate to

great abundance in clean water and reacted adversely to pollution.
In another study Iackey (62) observed that all of the Chrysophyceae
and most of the Cnyptophyceae, Volvocales, and Bacillarieae (diatoms)
which were present in clean water were killed in the zone of pollution.

Patrick (67) stated that a

11

healthy" portion of a stream con-

tained algae which are mostly diatoms and green algae.

Rafter (68)

and other earlier workers assumed that the absence of large amounts
of blue-green algae was an indication of clean water.
It is apparent that the lists of clean water algae as reported
by various workers include a wide variety of forms belonging to
various groups.

Some are planktonic while others are epiphytic or

attached to rocks and other material on the bottom of the stream.
Plankton and other Surface Water Algae (43)
The water requirements of growing cities and industry place
increasing demands on surface water supplies.

Already, the majority

of the larger communities are forced to rely primarily on surface
rather than ground water.

More and more attention must therefore be

given to both pollution control and treatment of the water particularly as supplies from less desirable sources have to be tapped

(69).

Reservoirs, lakes, rivers, and smaller streams are all normally
capable of supporting large mixed groups of aquatic plants and animals.

Algae of many kinds are included in this population.

In

lakes, reservoirs, and large rivers the common forms would be those
found especially at or near the surface of the water where light is
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present in sufficient intensity to permit the algae to carry on their
essential process of photosynthesis.

The planktonic algae are capable

of growing and multiplying while dispersed in the water and unattached
to solid objects (70).

Plankton exists in two basic forms, zooplank-

ton (animal) and phytoplankton (plant (71):
1.

Zooplankton, consisting of shrimplike crustaceans;
floating fish eggs and larvae; and larvae of crabs,
molluscs, and a number of other small animals.

Most

important, volume and edibility, are the copepods and
krills.
2.

Phytoplankton, consisting almost exclusively of microscopic algae.

Main types are the diatoms and unicellular

filagellates.
Many other algae may be carried away from the shoreline and from
shallow ponds to become mixed with the true planktonic forms or to
collect as mats of growth on the surface.

Some species of algae are

able to develop in abundance at depths of ten to twenty or more feet
below the surface.
Recent studies indicate that there are many very minute algae
and related organisms present in the water and that these
exceed in volume the larger microscopic forms.
forms are called "nannoplankton."

may

often

These very minute

The smallest of these are generally

missed in the routine plankton analysis of water, in which only a
low magnification with the compound microscope is used (72).

The

possible importance of these very small forms has not yet been given
much consideration.

78
The larger unattached algae constitute the bulk of the plankton
counts made at many water treatment plants.

So long as the total

count remains low and no taste-and-odor algae nor filter-clogging
forms are present in conspicuous numbers, the waterworks engineer
assumes that he is unlikely to have serious difficulties with the
algae.

A reasonable number of various kinds of cormnon plankton

organisms indicates a balanced biological condition in his raw water
supply, implying that it will respond to water works treatment with
the minimum of trouble.

If one group, such as the blue-greens or

the diatoms, or one particular species, such as Anacystis cyanea
(formerly called Microcystis aeruginosa) or Dinobryon divergens,
begins to predominate, then he becomes alert for possible trouble and
can treat for the control of algae before undesirable conditions become serious.

When blue-green algae become predominant, it frequently

indicates either that the water has been enriched with organic
matter or that previously there has been a superabundance of diatoms.
An understanding of relationships of this sort helps in instituting

measures to prevent troublesome growths from developing

(73).

In waters poor in nutrients, the factors limiting the number
of algae may be the amounts of food materials available, particularly
nitrates, phosphates, and for diatoms, silicates.

Some localities are

proposing to restrict the algal growths in the raw water supply by
removal of phosphate through causing it to precipitate as ferric
phosphate.

The growths of algae in some localities have been so bad

as to necessitate withdrawing the reservoir from service.

Many bodies

of water are sufficiently rich in the essential nutrients that these
nutrients do not become limiting factors in determining the abundance
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of algae.

Other factors such as turbidity, water temperature, and

parasitism may be the critical ones.

Although it is assumed that the

chemical and physical environment largely determines the amount of
algal production, the exact relationships remain in many respects
obscure.
Algal Blooms (43)
A number of the surface water algae have the ability to accumulate, at times, in such numbers as to form loose, visible aggregations
called "blooms," which may cover very large areas of lakes and reservoirs or .even streams.

Blue-green algae may form these water blooms

particularly during periods of warm, calm weather, when the algae
which previously were distributed through the water rise to the surface.

Other blooms may be

particu~.Algae.

associa~ed

with a rapid repr.Qguction of a

Some water blooms have resulted in fish kills by

interfering with reaeration, by excluding light necessary for photosynthesis in the lower areas and thereby preventing release of oxygen
into the water or by depleting the oxygen through decay or respiration within the bloom.

Some water blooms release substances ex-

ti:_emely toxic to fish, domestic
have resulted in several areas

~-~imals,

and birds, and extensive kills

(74).

A considerable number of species of algae are capable of producing blooms.

Some of the genera most frequently involved are the

blue-green algae, Anacystis {microcystis), Anabaena, Aphanizomenon,
and Oscillatoria; the green algae, Hydrodictyon, Chlorella, and
Ankistrodesmus; the diatoms, Synedra and Cyclotella; and the flagellates, Synura, Euglena, and Chlamydomonas.
are particularly obnoxious.

Blooms of blue-green algae

Blooms of flagellates and green algae are
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often encouraged by the addition of fertilizer in farm hatchery ponds
in order to increase fish production (75).
Related to the blooms, are the "mats" or "blankets" of filamentous green algae such as Spirogyra, Zygnema, Oedogonium, and
Cladophora which at times may cover large areas of a reservoir or
lake

(76). Certain blue-green algae, such as.Gloeotrichia natans

may also form extensive floating masses.

These growths cause an

unsightly appearance in a community's water supply and serve as
br~eding

places for gnats and midge flies.

They may clog intake

screens, cause tastes and odors, and interfere with the functioning
of multiple purpose reservoirs by collecting as debris on the shores
and interfering with fishing and bathing.

Many of the mat-forming

algae are resistant to effective treatment with copper sulfate.
Frequent inspections of raw water supplies for detection of the
visible growths, together with routine microscopic analyses of water
samples are necessary if the various kinds of algae are to be
effectively controlled.
The list of surface water algae is given in Table 9.

It is

more extensive than for the other groups and includes a total of
sixty-eight species.

Many of the species on the other lists could

also be considered as prominent members of the flora of surface
waterso

Additional species would also need to be added to make the

list fairly representative for any particular locality.

Since the

total number of known species of algae is several thousand, it is
obviously not possible to include here all of even the common forms.
Transeau (77) lists, for example, two hundred and seventy-five species
of the genus, Spirogyra; Husted (78) describes more than one hundred
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TABLE 9
PLANKTON AND OTHER SURFACE WATER ALGAE
BLUE-GREEN ALGAE (MYXOPHYCEAE):
Anacystis thermalis
Cylindrospermum stagnale
Gloeotrichia natans
Gomphosphaeria aponina
Gomphosphaeria lacustris, collinsii type
Gomphosphaeria wichurae
Lyngbya versicolor
Nodularia spumigena
Nostoc carneum
Oscillatoria agardhii
Phormidium retzil
Plectonema tomasiniana
Scytonema tolypothricoides
Spirulina nordestedtii
FILAMENTOUS GREEN ALGAE (OF CHLOROPHYCEAE AND CHRYSOPHYCEAE):
Cladophora fracta
Desmidium grevillei
Hyalotheca mucosa
Mougeotia genuflexa
Mougeotia scalaris
Oedogonium idionandrosporum
Spirogyra fluviatilis
Spirogyra varians
Stigeocolonium stagnatile
Tribonema minus
Ulothrix tenerrima
Vaucheria terrestris
Zygnema pectinatum
Zygnema sterile
NONFILAMENTOUS, NON-MOTILE GREEN ALGAE (OF CHLOROPHYCEAE):
Actinastrum gracillimum
Actinastrum hantzschii
Ankistrodesmus falcatus
Botryococcus braunii
Chlorella ellipsoidea
Closterium aciculare
Coelastrum microporum
Cosmarium botrytis
Crucigenia quadrata
Dimorphococcus lunatus
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TABLE 9

continued

NONFILAMENTOUS, NON-MOTILE GREEN ALGAE (CONTINUED):
Euastrum oblongum
Kirchneriella lunaris
Micractinium pusillum
Oocystis borgei
Ophiocytium capitatum
Pediastrum boryanum
Pediastrum duplex
Scenedesmus bijuga
Scenedesmus dimorphus
Schroederia setigera
Selenastrum gracile
Sphaerocystis schroeteri
Staurastrum polymorphum
DIATOMS (BACILLARIOPHYCEAE):
Cyclotella glomerata
Cymatopleura solea
Fragilaria capucina
Gyrosigma attenuatum
Melosira crenulata
Navicula radiosa
Rhizosolenia gracillis
Rhopalodia gibba
Stauroneis phoenicenteron
Stephanodiscus hantzschii
Synedra capitata
FLAGELLATES (CHRYSOPHYCEAE, EUGLENOPHYCEAE, AND VOLVOCALES
OF CHLOROPHYCEAE):
Dinobryon sociale
Eudorina elegans
Euglena gracilis
Gonium pectorale
Phacus pleuronectes
Source:

C. M. Palmer, "Algae in Water Supplies," U.S. Dept. of Health,.
Education, and Welfare, Public Health Service, Division of
Water Supply and Pollution Control, Washington 25, D.C., p.46.
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and twenty-five species belonging to the genus, Navicula; and Gojdics
(79) recognized one hundred and fifty-five species of Euglena.
It is emphasized that not all of the algae in the list of
surface water forms are planktonic.

The list includes algae which

may be originally benthic (attached and bottom-dwelling) forms but
are frequently swept away into the open water.
The open water algae have several mechanisms which aid in
keeping them dispersed in the water and retard any tendency toward
settling out.

The pigmented flagellates are swimming forms with

ship-like flagella which apparently aid in the forward movement of the
cells through the water.. Spines or the spine-like shapes of entire
cells.help to keep certain nonswimming green algae, such as Actinastrum, Micractinium, and Scenedesmus, suspended in the water.

The large .

flat surfaces exposed to the water do the same thing for the diatoms
Fragilaria and Tabellaria, and the green alga, Pediastrum.

A number

of planktonic blue-green algae have internal "gas vacuoles" which
help to keep the cells afloat.
From their specialties in shape and internal structure, many
of the algae can be recognized readily under the microscope.

This

makes possible, in the routine microscopic analysis of water samples,
a record of the presence and abundance of many of the significant
species.

Several helpful books have been published recently, giving

lists, keys, descriptions, and illustrations of the algal flora of
particular states or regions.

Examples of these are the algae of

Illinois (Bo), algae of Tennessee (81), algae of the western Great
Lakes area (82), and the algae of the United States (83).

Available

information of this character will facilitate the accurate recording
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of the algae found in streams, lakes, and reservoirs which are being
used as the water supply for an ever-increasing number of cities,
towns, and industrial establishments.
Each year a seasonal cycle is evident in the plankton population of lakes and reservoirso

Diatoms generally increase in number

in late winter, often with two or three additional pulses occurring
during the spring months.

In early summer, the green algae are likely

to be abundant following in the late summer and early autumn by increased growth of blue-greens.
maximum of diatoms.

Then there will follow a late autumn

Throughout most of the winter the diatoms and

certain other algae may remain in the water but with little or no increase in numbers until conditions, in the late winter, stimulate the
organisms to begin the cycle all over again.

Various brown and

green flagellates and the yellow-green alga Tribonema occasionally
appear in the cycle as abundant growth for brief periods, the time of
year depending in part upon the particular species involved.
When records are kept for a long period of time of the phytoplankton present in a reservoir or lake, they often reveal that certain genera and species are predominant year after year.

In one metro-

politan district (88) the reservoirs contained enormous numbers of
Tabellaria and Ceratium with an abundance also of Asterionella,
Fragilaria, Synedra, Cyclotella, Dinobryon, and Pandorina.

Over a

period of approximately forty years, however, there was a gradual
change in the predominant algae.

Tabelleria dropped out completely

and new forms appeared, chiefly Stephanodiscus astraea and Stephanodiscus hantzschii, together with several filamentous blue-green algae.
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Although many environmental factors are relatively constant for
any body of water and tend to keep the phytoplankton population
stable, other factors will change sufficiently to influence the
growth and relative abundance of the various genera and species comprising the flora.
Relation of Algae to Fish Life
Algae serve directly or indirectly as food for all fishes.

The

green algae are the medium by which the complex organic compounds in
sewage, following bacterial decomposition, are transferred to fish.
The organic compounds are converted by bacterial action into
available plant foods.

These materials are absorbed from the water

by the aquatic plants and by the process of photosynthesis, and other
cellular activities are converted into the living plant cell.

The

organic materials comprising the green algae are transferred to the
fish through the medium of the zooplankton which are found associated
with the algae.

Small fish feed directly upon the algae and zooplank-

ton and the adults of many species live almost entirely upon the
microscopic life in the water.

The larger zooplankton such as Daphnia,

Cyclops, etc., are important articles of diet for larval and small
species of fish; in turn, these are eaten by larger fishes which may
become the food of man.

Whipple describes it thus:

"Fish feed upon

crustacea and insect larvae, the crustacea prey upon the rotifera and
the protozoa, the rotifera and protozoa consume algae and bacteria,
and finally algae nourish themselves by the adsorption of soluble
substances and gases provided in part by the decomposition of animal
and vegetable matter brought about by bacteria."
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Domestic sewage, after it has been decomposed by bacterial
action, either in the stream or previously by artificial secondary
treatment, increases the growth of aquatic plants by virtue of the
fertilizing value of the end products.

These plants furnish food for

the zooplankton which in turn furnishes food for fish and thus the
fish population is increased in regions where stream fertilization by
sewage occurs.
Another important factor in the relation of algae to fish life
is the reoxygenation of the stream by the photosYI_lthesis of algae.
The combined photosynthetic action of all the algae may increase the
dissolved oxygen to supersaturation during sunny days.

Purdy (86)

has shown that Oocystis increases appreciably the amount of oxygen
in a closed sample of water.

The fact must not be overlooked, how-

ever, that the plants themselves, in addition to all.forms of aquatic
life, consume oxygen during the process of respiration, so that

r~R1:_9.

rise of oxygen during the day may be followed by a disastrous fall in
th.': early morning h.pw;_s i f the stream is heavily polluted by decay:IJ)g
organic matter.
Photosynthesis also removes from the water carbon

dio~ide

which

is produced as a waste product by the living cell and the decomposition of organic matter.

Wells (87) has shown that fishes are very

sensitive to small changes in the carbon dioxide content of the water
and tend to avoid detrimental concentrations of this gas by moving
away to more favorable locations when possible and that fresh water
species of fish tend to select regions where the co2 concentration
lies between one and six cc. per liter.

'
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Fish kills in fresh-water lakes and reservoirs have often been
blamed, with considerable justification, on the algae.

When there is

a heavy algal growth, a reduction in the amount of sunlight due to
weather conditions will reduce the photosynthetic activity of the
algae.

With insufficient byproduct oxygen being produced the algae

are forced to use in respiration the oxygen stored in the water.

If

this condition should exist for any length of time, the water would
lose most of its oxygen causing the algae and in addition the fish to
dte of oxygen starvation.

On the other hand, normal amounts of sunshine on a very thick
mat of algae can bring about a fish kill.

If the mat becomes thick

enough to prevent the passage of light to planktonic algae below the
surface, the latter will then use up more oxygen than is produced and
oxygen depletion takes place which, in turn, affects the fish.
A balance tends to exist between the amount of algae, the sunlight, and the total oxygen requirements of the fish and other
aquatic organisms.

A rise in water temperature might easily be the

factor which stimulates an excessive growth of algae and thereby sets
off the chain of events leading up to oxygen starvation and a fish
kill (89).
Toxicity of A1gae
Toxic fresh-water algae affecting man have been reported in the
· United States and elsewhere.

Contact type dermatitis and symptoms of

"bay fever" have been reported to be caused by blue-green algae •
.Anabena was implicated in the former reaction (90) while Anacystis
(microcystis) and Lyngbya contorta were listed for the latter (91).
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In a few cases the green alga Chlorella has been found associated with
fungi in mycotic lesins in man, but its significance has not been
determined

(92). Unexplained outbreaks of gastroenteritis involving

thousands of people, and possibly related to the water supplies,
have been reported in the same areas where extensive algal blooms
were present

(93). However, any direct relationship between the

algal blooms and the intestinal disorders in humans has not been
clearly demonstrated

(94). It has been suggested as a possibility

that the disintegration of large amounts of blue-green algae on the
sand filters of water treatment plants and the passage of toxic
products into the distribution mains may be the cause of the gastrointestinal disturbances

(95).

There are many records of acute and often fatal poisoning of
livestock where the animals had been drinking from ponds containing
dense algal blooms

(96). Animals affected have included horses,

cattle, hogs, sheep, dogs, rabbits, and poultry.

In all cases the

algae implicated as the toxic agents are blue-greens, Anacystis
(Microcystis) being the genus most often involved.
reported as toxic was Nodularia spumigena.

The first alga

The several genera and

species which are reported as toxic are listed in Table 10.

Areas

which have reported poisoning of animals, presumably due to algal
blooms, include Colorado, Idaho, Iowa, Michigan, Minnesota, Montana,
North Dakot_a, South Dakota, Wisconsin, and Alberta, Ontario, Bermuda,
Argentina, Finland, Australia, and South Africa

(97). The outbreaks

have occurred only during the summer months when algae are abundant.
The symptoms associated with poisoning by the blue-green algae are
generally prostration and convulsions followed by death.
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TABLE 10
TOXIC AND PARASITIC ALGAE
TOXIC FRESH-WATER ALGAE:
Anabaena
Anabaena circinalis
Anabaena flos-aquae
Anabaena lemmermanni
Anacystis (Microcystis)
Anacystis cyanea
(Microcystis aeruginosa)
Anacystis cyanea
(Microcystis flos-aquae)
Anacystis cyanea
(Microcystis toxica)
Aphanizomenon flos-aquae
Gloeotrichia echinulata
Gomphosphaeria lacustris
(Coelosphaerium Kuetzingianum)
Lyngbya contorta
Nodularia spumigena

Blue-green
Blue-green
Blue-green
Blue-green
Blue-green
Blue-green
Blue-green
Blue-green
Blue-green
Blue-green
Blue-green
Blue-green
Blue-green

PARASITIC AQUATIC ALGAE:
Oodinium limneticum
Oodinium ocellatum

Dino flagellate
Dino flagellate

Source: W. N. Ingram and G. W. Prescott, Amer. Midland
Naturalist 52, 75 (1954)

...
'

90
A few aquatic algae are known to infect the gills of fish,
causing a disease which interfere with respiration and is often
fatal

(98). The dinoflagellate Oodinium ocellatum parasitizes small

:f'resh-water fishes.

Other species of this genus occur in the marine

tunicates, annelid worms, and other aquatic invertebrates (99).
Control of Algae in Raw Water Supplies
Copper sulfate is the only algicide in conmon use in water
supplies at present, although chlorine may serve as an algicide
besides as a bactericide or an oxidizing agent.

The "blue stone"

or copper sulfate is toxic to many algae at comparatively low concentrations but is ordinarily nonlethal to fish at the strengths
recommended and is relatively inexpensive.

However, in alkaline

waters, it precipitates quickly as copper carbonate and more slowly
as copper hydroxide and in such instances is considered to be
effective as an algicide only for a short time following its application.

Bartsch (100) emphasizes that the dosage should be dependent

upon the alkalinity of the water and states that the following rule
bas been used successfully in various midwestern lakes:

If the

methyl orange alkalinity is less than 50 p.p.m., the blue stone
(CuSOii,5H20) is effective at the rate of 0.9 pound per acre-foot.

If

the methyl orange alkalinity is greater than 50 p.p.m., the rate
should be 5.4 pounds per acreo

In the waters with a high alka-

linity the dosage is not dependent upon depth since precipitation
would make it ineffective below the surface.
Mechanical removal of algae may be the simplest way of disposing of massive growths which become detached and washed ashore or
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which collect in localized areas of the reservoir.

This is of

particular importance where the reservoir or lake is used for
recreational purposes as well as for domestic water supplyo

Re-

duction in the amount of plankton algae in a lake has been attempted
by passage of the water through a rapid sand filter, the filtered
water being returned to the lake (101).

The backwash containing the

algae collected by the filter can be used as a land fertilizer or
disposed of in a lagoon.
For all water supply reservoirs, provisions should be put into
effect as early as possible for keeping the inflow of nutrients to a
minimum.

These would

in~lude

measures for reducing the runoff from

agricultural land and the selection of a supply as free as possible
of upstream sewage effluents and other organic wastes.

The degree of

secondary sewage treatment generally has little or no effect in reducing the potential nutrient value of the sewage for algae (102).
This will be explained further in section IV.

CHAPTER J:V

CURRENT METHODS OF WASTE TREA'IMENT
AND CONTROL USED TODAY

Municipal Waste Water Treatment Plants
and their Effectiveness
The process generA.lly used today to treat municipal waste before it is· discharged into receiving waters "Js cheap and effective,
up to a point, and has been practiced for many years.

Incremental im-

provements have been made in performance, but the basic technology has
remained essentially unchanged.

Its main purpose is to reduce the

amounts of suspended solids, bacteria, and oxygen-demanding materials
in.waste water.

New techniques and processes clearly will be re-

quired to remove additional contaminants such as dissolved inorganic
compounds.

Such methods generally will reinforce, not replace,

current technology, for there is at present no adequate replacement.
Pending the advent of new processes, which does not seem imminent,
better performance is both desirable and possible for existing
methods.
1.

These methods fall into two broad classes:
Primary Treatment:

grit removal, screening, grinding,

flocculation, and sedimentation.
2.

Secondary Treatment:

biological oxidation, using processes

such as the trickling filter and activated sludge to carry
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out in a controlled manner the biological assimilation and
degradation processes that occur in nature.
The basic primary and secondary treatment of municipal waste
water (Figure 8) is subject to a number of variations, but the process normally starts with removal of large and fine solids, grease,
and scum.

Sedimentation in the primary clarifier then removes the

remaining settleable solids as primary sludge.

Clarified waste water

from primary treatment goes to secondary treatment.

There, micro-

organisms carry out in a controlled manner the assimilation and
degradation process that breaks down organic matter in nature.

The

solids formed in this degradation process are removed by sedimentation, and the clarified effluent is chlorinated and discharged into
the receiving waters.

Some of the sludge is returned to the

aera~ion

tank and mixed with incoming waste water; the rest is disposed of.
The sludge from both the primary and secondary treatment processes is
transferred to a large sealed tank called a digester.
temperature is maintained at about 95° F (33.90 C).

Here the
Bacteria are then

able to eat and digest all of the remaining organic matter.
mains is a black material with no odor.

What re-

This is run into drying ponds

and allowed to dry to a black dirt-like material.

This would make an

excellent fertilizer but must first be heated in an oven to high
temperatures to kill the pathogenic bacteria and viruses which are
still

p~esent.

Since this is an expensive process, it is not

commonly done so the material is hauled to the dump and buried.
Table 11 is intended to summarize what happens to culinary
drinking water during its use by a municipality.

These figures give

us an idea of the amount of material added to the water during its

Fig, Se••Conventional Primary--Secondary Treatment of Municipal Wastes
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TABLE 11
AVERAGE COMPOSITION OF EFFLUE:rt! '.FROM SECONDARY
TREATMENT OF MUNICIPAL WASTE WATERa

COMPONENT

CONCENTRATION
(mg/L)

AVERAGE INCREMENT ADDED
DURING WATER USE
(mg/L)

GROSS ORGANICS

55

52

BIODEGRADABLE ORGANICS
(AS BOD).

25

25

135

70

POTASSIUM

15

10

AMMONIUM

20

20

CALCIUM

60

15

MAGNESIUM

25

7

CHLORIDE

130

75

NITRATE

15

15

NITRITE

1

1

BICARBONATE

300

100

SULFATE

100

30

SILICON

50

15

PHOSPHATE

25

25

. 270

70

CALCIUM CARBONATE (ALKALINITY)

250

85

TOTAL DISSOLVED SOLIDS

730

320

SODIUM

CALCIUM CARBONATE (HARDNESS)

2

Source:

Figures may vary significantly in specific instances
L. w. Weinberger, D. G. Stephan, F. M. Middleton, "Solving Our
Water Problems - Water Renovation & Reuse," Annals of the New
York Academy of Science, 136, Art. 5,131 (1966).

use.

Before this water can be reused for culinary purposes, the

material must be removed.

Secondary sewage treatment will remove

much of this material but by no means all of it.

The water can be

clarified further either by nature or through additional treatment by
man.

In any case, it must be realized that the figures in Table 11

are approximate and may vary significantly in specific instances.
They do, however, give us a general idea of the amount of material
added to the water as it is used.
Table 12 shows the approximate efficiencies of primary and
secondary sewage treatment facilities commonly used today.

These

facilities do a fairly good job in removing organic compounds,
suspended solids, and pathogenic organisms.

It is apparent, though,

that they are not designed to remove nitrates and phosphates to an
appreciable extent.

These compounds are essential nutrients which

add to the problem of eutrophication as they enter our rivers and
lakes.
Agricultural Wastes
Agriculture, including the processing of agricultural products,
is the source of a number of water pollutants.

Among them are sedimen-

tation from the erosion of crop land, animal wastes, pesticides, and
compounds of phosphorus and nitrogen that originate in commercial
fertilizers (103, 104).
A steadily growing agricultural problem is runoff from areas
contaminated by livestock and poultry wastes, particularly feedlots.
At any given time in the United States an estimated eleven million
cattle are on feedlots; in 1964 about fifty-six per cent of the
cattle that were slaughtered spent several weeks on 221,000 feedlots.
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TABLE 12
APPROXIMATE PERFORMANCE AND COST OF CONVENTIONAL
TREATMENT OF MUNICIPAL WASTESa
(BASED ON RAW WASTE CONCENTRATIONS)
PRIMARY

PRIMARY & SECONDARY

BOD

35%

90%

COD

30%

80%

REFRACTORY ORGANICS

20%

60%

SUSPENDED SOLIDS

60%

90%

TOTAL NITROGEN

20%

50%

TOTAL PHOSPHORUS

10%

30%

DISSOLVED MINERALS
COST/1000 GAL.

5%
3-4 cents

5-10 cents

aFigures may differ significantly in specific instances
Source:

L. w. Weinberger, D. G. Stephan, F. M. Middleton, "Solving Our
Water Problems - Water Renovation and Reuse," Annals of the New
York Academy of Science, 136, Art. 5,131 (1966).
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The capacities of these feedlots ranged from 100 to 35,000 head.

On

the basis of the five-day BOD, a feedlot with 10,000 cattle is
equivalent to a city of about 45,000 people.

The production of

poultry and swine in confined spaces is a somewhat smaller, though
still serious, problem.

Overall, waste production by farm animals

in the United States has been estimated to total about twenty times
that of the human population.
Animal wastes are disposed of most commonly today by physical
means, such as field spreading (105).
which is becoming more

cost~y

All such methods require land,

as urban areas expand into nearby

rural areas.
Disposal on land remains the most economical choice for animal
wastes.

Already, however, in the most populous states, only highly

treated wastes can be disposed of in that way.

Livestock producers

need waste disposal methods that require little labor, cause little
nuisance, and improve sanitation, but the new experimentally proven
ideas that are required to solve the problem have not yet materialized.
Compounds of phosphorus and nitrogen that originate in
commercial fertilizers enter natural water systems.

But the impor-

tance of these commercial fertilizers relative to other sources of
nitrate and phosphate such as barnyard and feedlot runoff, raw or
treated sewage, or nitrate formed in soils, generally is not known
with precision.
Nitrogen is an important nutrient, but concern is also growing
over the nitrate and small amounts of nitrite in ground water in many
parts of the country.

Both infants and ruminant livestock have be-

come ill and sometimes have died after drinking well water containing
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nitrate, which in infants causes methemoglobinemia (blue babies).
From 1947-50, Minnesota alone reported one-hundred and thirty-nine
cases of methemoglobinemia, including 14 deaths, caused by nitrate
in farm well water.

The

u. s.

Public Health Service has assigned a

limit of 45 mg/l for nitrate in drinking water (106).
There is evidence that much of the phosphate in surface waters
comes from sewage treatment plants and that phosphate in chemical
fertilizers is only a secondary source.

Phosphate is bound tightly to

soil particles, and it enters surface waters from farm land mainly
as a result of erosion and runoff.
Extensive data are not available, however, on the relationship
of the phosphate in
type,

fert~~~zer

agricultUJ:'~~ __r_unoff

and

draina~~-

water t<:>___soil

and cultural practices, and other factors.
Waste from Watercraft

The more than eight million watercraft that navigate United
States waters discharge a variety of pollutants, including sanitary
wastes, oil, litter, and ballast and bilge waters (107)o

No federal

legislation deals squarely as yet with watercraft, although more than
half of the states have laws of different degrees of effectiveness.
The cost of bringing all United States watercraft into compliance with
pollution regulations that would control boat pollution adequately has
been estimated at $600 million.

CHAPI'ER V

IMPROVEMENT OF MUNICIPAL WASTE WATER

TREA'.IMENT FACILITIES
Conventional Processes
It is probably fair to say that more applied research, as
opposed to development, has been devoted to the biological
lation and degradation processes than to any
water treatment (108).

Such

resear~h

~ther

as~im~

aspect of waste

bas produced results.

Improved

designs of brush or blade type surface aerators and other devices
have increased the efficiency with which air is introduced into the
aeration tank in the activated sludge process.

The use of plastic

(polyvinyl chloride) shapes instead of rock in the beds of trickling
- filters roughly doubles the surface area on which the biological
process takes place (109).
The ability to predict the overall rate at which a biological
process removes organics from waste water could be useful in designing
treatment units, and a number of mathematical formulations of the process have been developed to that end.

Work of the past decade has

shown that the overall rate might be controlled by a mass transfer
mechanism or the rate at which organic nutrients diffuse to the
organism.

If this is correct, and there are indications that it might

be (110), then nutrient uptake rates might be improved by appropriate
100
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physical design of the waste treatment process.

No attempt will be

made to discuss these improvements here.
Urban Storm Water
Precipitation in urban areas creates two potential sources of
pollution.

These include the raw sewage discharged when combined

(storm and sanitary) sewer systems overflow and the storm water discharged by separate storm sewers.

Both have come increasingly to be

regarded as sources that merit more attention (111).

The relatively

few studies that have been made of the detailed composition of discharges from combined and separate sewer systems (112) show a clear
pollutant problem that will intensify with growing urbanization.
(See Table 13)
The annual discharge of untreated sewage from combined systems
is estimated at three per cent of the amount that enters the system.
It can be markedly higher than that during high precipitation.

The

problem could be solved by eliminating combined systems, but detailed
study has shown that to be often impractical ( 113).
expensive.

It is simply too

The lack of specific data on the composition and volume of

overflows makes it difficult to assess the importance of separate
systems relative to other sources of pollution.

Separation of com-

bined systems may be required in some cases, but other means of abatement must also be used.
Additional Waste Treatment Facilities (115)
Additional waste treatment generally describes treatment that
will remove more contaminants from waste water than treatments in
common use.

The commonly used treatment facilities include primary

TABLE 13
AMOUNTS OF POLLUTION FROM URBAN DRAINAGE
(mg/l)

CONSTITUENT
SUSPENDED SOLIDS
BOD

RAINFALLa

SEPARATE
SEWER
RUNOFFb

57

--

COMBINED
SEWER
OVERFLOW

RAW

COMMUNITY SEWAGE (MOSTLY DOMESTIC)
10 PERSONS/ACREc
10%
3%
5%

366

162

390

12

20

39

27

--

390

12

20

39

TOTAL NITROGEN

5.5

5.0

3.9

78

2.3

3.9

7.8

INORGANIC NITROGEN

3.0

1.6

3.5

58

1. 7

2.9

5.8

TOTAL PHOSPHATE
(P:; PHOSPHORUS)

0.4

0.6

3.2

20

0.6

1.0

2.0

a30 in/yr
b30 in/yr and runoff coefficient
cPopulation density in Cincinnati. Percentages show magnitude of loss of pollution to
combined sewer overflows at 3%,5% and 10% loss.
Source:

s.

R. Weibel, "Urban Drainage as a Factor in Eutrophication," in Proceedings, First International
Symposium on Eutrophication, National Academy of Sciences-National Research Council, Washington,
D. c., in press.
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and secondary sewage treatment.

It may modify or replace the various

steps in conventional treatment, or it may be applied to the effluent
from conventional treatment.

A narrower term, tertiary treatment,

describes limited techniques applied to the effluent from conventional
treatment.

Numerous processes, many of them adapted from other

technologies, have been screened for advanced waste treatment potential, and a number of them are in the research or development stages
(114).

(See Table 14)
The water treatment systems used at any given site may vary

with the nature of the wastewater and other local factors, but the
contaminants to be removed fall into four broad classes:

(1) sus-

pended solids, (2) dissolved organic compounds, (3) dissolved inorganic compounds,

(4)

and the plant nutrients, nitrate and phosphate.

Advanced wastewater treatment must also consider the ultimate disposal
of the contaminants removed from water, as well as bacteria and
viruses in the product water.
Sus~nded

solids (115)

Suspended solids can account for a large part of the residual
biochemical oxygen demand (BOD) in secondary sewage effluent and can
hamper the operation of other advanced treatment processeso

The

substances in secondary effluent range from ions and' soluble
molecules through colloidal materials to visible solids, and it is
difficult to classify them precisely as soluble or insoluble.
The processes that can be used to remove suspended solids inelude filtration, which is much more effective for organic materials
than for inorganic, and treatment with chemicals with or without

TABLE 14
SUMMARY OF ADVANCED WASTE TREATMENT PROCESS DEVELOPMENT STATUS IN U. S ~
TREATMENT PROCESS

SCALE

LOCATION

Activated Sludge--Modified

100-mgd field evaluation being planned
750,000-gpd field evaluation being planned
3-mgd pilot plant being planned
300,000-gpd pilot plant in design stage
Two 100,000-gpd pilot plants in design stage
75,000-gpd pilot plant in design stage
14,000-gpd pilot plant in desigA stage

Los Angeles, Calif.
Dallas, Texas
Chino, Calif.
Irvine, Calif.
Washington, D. c.
San Buenaventura,Cal.
Nassau County, L.I.,

Adsorption--Granular Activated Carbon

7.5-mgd demonstration plant under
construction
5.0-mgd demonstration plant in design stage
750,000-gpd field evaluation plant in design
stage
500,000-gpd pilot plant near completion

s.

N. Y.

Lake Tahoe, Calif.

Piscataway, Md.
E. Chicago, Ind.

Adsorption--Fluidized Carbon Beds

7,000-gpd pilot plant in design stage

Nassau County, L.I.,
N. Y.
Pomona, Calif.
Hemet, Calif.
Santee, Calif.
Lebanon, Ohio
Washington, D.C.
Ely, Minn.
Nassau County, L.I.
N.Y.
Trenton, N.J.

Adsorption--Powdered Activated Carbon

15,000-gpd pilot plant in operation
15,000-gpd pilot plant in design stage

Lebanon, Ohio
Roanoke, Va.

Adsorption on Inorganics

Rejected*

300,000-gpd pilot plant in operation
150,000-gpd pilot plant in design stage
100,000-gpd pilot plant in design stage
75,000-gpd pilot plant in design stage
50,000-gpd pilot plant in operation
15,000-gpd pilot plant in operation
14,000-gpd pilot-plant studies underway

I-'
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TABLE 14 -- continued
.TREATMENT

SCALE

PROCE_S~

LOCATION

Adsorption on Coal

15-gpd bench-scale studies completed
Laboratory studies completed

Adsorption on Polymers

Rejected*

Ammonia Stripping

7.5-mgd demonstration plant under
construction
200,000-gpd pilot plant in design stage
100,000-gpd pilot plant in design stage

Prince Wm. County, Va.
Washington, n.c.

2-mgd field evaluation plant in design stage
200,000-gpd pilot plant in design stage
100,000-gpd pilot plant in design stage
100-gpd bench-scale unit in operation

Santee, Calif.
Prince Wm. County, Va.
Washington, n.c.
Cincinnati, Ohio

Biodenitrification--Column

300,000-gpd pilot plant in design stage
800-gpd bench-sc~le studies underway

Irvine, Calif.
Pomona, Calif.

Bionitrification

300,000-gpd pilot plant in design stage
200,000-gpd pilot plant in design stage
100,000-gpd pilot plant in design stage
100-gpd bench-scale studies in operation

Irvine, Calif.
Prince Wm. County, Va.
Washington, D.C.
Cincinnati, Ohio

Biological Phosphate Removal

23-mgd field evaluation completed
3-mgd pilot plant being planned
300,000-gpd pilot plant in design stage
100,000-gpd pilot plant in design stage
100,000-gpd pilot plant in design stage
Laboratory-scale studies underway

San Antonio, Tex.
Chino, Calif.
Irvine, Calif.
Detroit, Mich.
Washington, D.C.
Ada, Okla.

Biomass Treatment

300,000-gpd pilot-plant studies completed

Lancaster, Calif.

Biodenitrification--Tank

Cleveland, Ohio
Pittsburgh, Pa.

s.

Lake Tahoe, Calif.
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· TABLE 14
TREATMENT

continued
LOCATION

SCALE

~ROCESS

Combined Chembiological Treatment

Bench-scale studies completed

Tucson, Ariz.

Coagulation--Inorganic

7.5-mgd demonstration plant under
construction
5.0-mgd demonstration plant in design stage
2-mgd field evaluation plant in design stage
750,000-gpd field evaluation plant in design
stage
500,000-gpd field evaluation plant in design
stage
500,000-gpd pilot plant under construction

s.

Coagulation--Organic Polyelectrolyte

I

Lake Tahoe, Calif.

Piscataway, Md.
Santee, Calif.
E. Chicago, Ind.
Lancaster, Calif.
Nassau County, L.I.,

N.Y.

300,000-gpd pilot plant being planned
150,000-gpd pilot plant planned
150,000-gpd pilot plant in design stage
100,000-gpd pilot plant under construction
100,000-gpd pilot plant in operation
75,000-gpd pilot plant in operation
70,000-gpd pilot plant studies completed
15,000-gpd pilot plant in operation
15,000-gpd pilot plant in operation
14,000-gpd pilot plant in design stage

Irvine, Calif.
Dallas, Tex.
Hemet, Calif.
Detroit, Mich.
Washington, D.C.
Lebanon, Ohio
Lancaster, Calif.
Stanford, Calif.
Ely, Minn.
Nassau County, L.I.,

7,000-gpd pilot plant in operation

Pomona, Calif.

200-mgd field evaluation study underway
120-mgd field evaluation study underway
10-mgd field evaluation study under design
100,000-gpd pilot plant in design stage

Washington, D.C.
Cleveland, Ohio
S.St. Paul, Minn.
Washington, D.C.

N.Y.
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TABLE 14 -- continued
TREATMENT PROCESS
Disinfection

SCALE

,1

---~

7.5-mgd demonstration plant under
construction
5.0-mgd demonstration plant in design stage
2-mgd field evaluation plant in design stage
500,000-gpd field evaluation plant in design
stage
3-mgd pilot plant being planned
500,000-gpd pilot plant near completion

LOCATION

s.

Lake Tahoe, Calif.

Piscataway, Md.
Santee, Calif.
Lancaster, Calif.

300,000-gpd pilot plant in operation
300,000-gpd pilot plant in design stage
75,000-gpd pilot plant studies planned
60,000-gpd pilot plant in design stage
50,000-gpd pilot plant in design stage
Two 50,000-gpd pilot plants in design stage

Chino, Calif.
Nassau County, L.I.,
N.Y.
Pomona, Calif.
Irvine, Calif.
Lebanon, Ohio
Hemet, Calif.
Washington, D.C.
Santee, Calif.

Distillation

1,000-gpd pilot-plant studies completed
Laboratory studies completed

Waterford, Conn.
Cincinnati, Ohio

Electrochemical Degradation

Rejected*

Electrodialysis

75,000-gpd pilot plant in operation
50,000-gpd pilot plant planned
7,000-gpd pilot plant studies completed
7,000-gpd pilot plant in operation
50-gpd bench-scale studies underway

Lebanon, Ohio
Santee, Calif.
Orange County, Calif.
Pomona, Calif.
Cambridge, Mass.

Electrolysis

Laboratory studies completed

Philadelphia, Pa.

Emulsion Separation

Rejected*

Eutectic Freezing

Rejected*

~

0
-..J

TABLE 14 -- continued
LOCATION

SCALE

rREATMENT PROCESS
Extraction of Contaminants

Rejected*

Extraction of Water

Rejected*

Filtration--Coal

240,000-gpd pilot plant under construction

Cleveland, Ohio

Filtration--Diatomaceous Earth

250,000-gpd pilot-plant studies in progress
150,000-gpd pilot plant in design stage
75,000-gpd pilot plant studies completed
70,000-gpd pilot plant studies ~ompleted
15,000-gpd pilot plant in operation
4,000-gpd pilot-plant studies completed

Pomona, Calif.
Hemet, Calif.
Pomona, Calif.
Lebanon, Ohio
Stanford, Calif.
Lancaster, Calif.

Filtrgtion--Rapid Sand and Multi-Media

7.5-mgd demonstration plant under
construction
5.0-mgd demonstration plant in design stage
2-mgd field evaluation plant in design stage
750,000-gpd field evaluation plant in design
stage
500,000-gpd field evaluation plant in design
stage
500,000-gpd pilot plant in design stage

s.

300,000-gpd pilot plant in design stage
150,000-gpd pilot plant in design stage
150,000-gpd pilot plant in design stage
100,000-gpd pilot plant in operation
75,000-gpd pilot plant in operation
35,000-gpd pilot-plant study completed
30,000-gpd pilot-plant study completed
15,000-gpd pilot-plant in operation
>

Lake Tahoe, Calif.

Piscataway, Md.
Santee, Calif.
E . Chicago, Ind .
Lancaster, Calif.
Nassau County, L.I.,
N.Y.
Irvine, Calif.
Dallas, Tex.
Hemet, Calif.
Washington, D.C.
Lebanon, Ohio
Lancaster, Calif.
Lancaster, Calif.
Stanford, Calif.

,....
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TABLE 14

TREATMENT PR9CESS

I

continued

SCALE

~OCATlON

Filtration--Rapid Sand and Multi-Media 114,000-gpd pilot-plant studies ready to start Nassau County, L.I.,
(Continued)
N.Y.
~,000-gpd pilot-plant studies completed
Lebanon, Ohio
Flotation

1.0-mgd pilot plant under construction
300,000-gpd pilot plant in design stage
100,000-gpd pilot plant in design stage
60,000-gpd pilot-plant studies completed

Foam Harvesting

Rejected*

Foam Separation--Simple

500,000-gpd pilot-plant studies completed
10-gpd bench-scale studies completed
10-gpd bench-scale studies completed

Pomona, Calif.
Long Island City, N.Y.
Linden, N.J.

Foam Separation--with Additives

15,000-gpd pilot plant in design stage
10-gpd bench-scale studies completed

San Jose, Calif.
Long Island City, N. Y.

Freezing

Rejected*

Hydration

Rejected*

Ion Exchange

15,000-gpd pilot plant in operation
15,000-gpd pilot plant in operation
12,000-gpd pilot plant in design stage
3,000-gpd pilot plant in operation

Ely, Minn.
Stanford, Calif.
Santee, Calif.
Pomona, Calif.

Ion Exchange--Removal of Organics

Bench-scale studies in progress

Berkeley, Calif.

Micro screening

75,000-gpd pilot plant studies completed

Lebanon, Ohio

Oxidation by Catalytic Autoxidation

Laboratory tests ready to start

Paramus, N.J.

Prince Wm. County, Va.
Irvine, Calif.
Washington, D.C.
Lancaster, Calif.

t-'
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TABLE 14 -- continued
SCALE

TREA'IMENT PROCESS

LOCATION

---

Oxidation by H o
2 2

Rejected*

Oxidation--Light Catalyzed Chlorine
Oxidation

Laboratory studies underway

Kansas City, Kan.

240-gpd bench-scale studies underway

Murray Hill, N.J.

Oxidation by

o2

Oxidation by Corona Discharge

Rejected*

Oxidation by Autoxidation

Rejected*

Phosphate Removal through Mineral
Addition

1-mgd field evaluation completed
1-mgd field evaluation completed
100,000-gpd pilot plant in design stage
200-gpd·bench-scale studies in progress
100-gpd laboratory-scale studies completed

Washington Ct. House,
Ohio
Xenia, Ohio
Washington, D.C.
Cincinnati, Ohio
Cincinnati, Ohio

Reverse Osmosis

Five 10,000-gpd
5,000-gpd pilot
4,000-gpd pilot
3,000-gpd pilot

Hemet, Calif.
Pomona, Calif.
Pomona, Calif.
Lebanon, Ohio·

Trickling Filter

75,000-gpd pilot plant in design stage

San Buenaventura, Cal.

Carbon regeneration for 7.5-mgd plant under
construction
Carbon regeneration for 5-mgd plant in
design stage

s.

pilot
plant
plant
plant

plants in design stage
in operation
in operation
in design stage

Disposal Processes
Adsorbate Incineration

Lake Tahoe, Calif.

Piscataway, Md.

.....
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TABLE 14

--~continued

LOCATION

SCALE

TREATMENT PROCESS
Disposal Processes (Continued)
Adsorbate Incineration (Continued)

By-product Recovery
Coagulant Regeneration

s.

Lake Tahoe, Calif.

E. Chicago, Ind .
Nassau County, L.I.,
N.Y.
Pomona, Calif.

s. Lake Tahoe, Calif.
Lime recovery for 7.5-mgd plant under
construction
Coagulant recovery for 5-mgd plant in design Piscataway, Md.
stage
Washington, D.C.
Pilot-scale studies underway
s. Lake Tahoe, Calif.
Pilot-scale studies underway
Cincinnati,
Ohio
Bench-scale studies underway
Exploratory studies--Laboratory tests
completed

Foam Recycle
Incineration

Carbon regeneration for 2.5-mgd plant in
operation
Carbon regeneration for 750,000-gpd plant in
design stage
Carbon regeneration for 500,000-gpd plant
under construction
Carbon regeneration for 300,000-gpd plant in
operation
Exploratory studies--desk top

·,;

Pilot-scale studies planned

Injection

Exploratory studies--desk top

Nuclear Cavities

Exploratory studies--desk top

Excavated Cavities

Rejected

Ocean Dumping

Exploratory studies--desk top

Washington, D. C.

,....
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TABLE 14 -- continued
TREATMENT PROCESS

SCALE

.LOCATION

Disposal Processes (Continued)
Pipelining

Field evaluation installation in design stage Morgantown, .W.Va.
Pilot studies in design stage
Chicago, Ill.
Bench-scale studies completed
Cleveland, Ohio

Sludge Centrifiguation

Pilot plant in design stage
Pilot plant in design stage

Irvine, Calif.
Washington, D.C.

Sludge Filtration

Pilot-scale studies in operation

Washington, D.C.

Sludge Hydrolysis

Exploratory studies--desk top

Surface Spreading

Full-scale operation in progress
Field evaluation unit in design stage
Field evaluation unit in design stage

Canton, Ohio
Morgantown, W.Va.
Chicago, Ill.

Full-scale operation in progress
Full-scale operation in progress
Full-scale operation in progress
Full-scale operation in progress
Field evaluation studies planned
Experimental unit in operation

Chicago, Il 1.
Wheeling, W. Va.
Watusau, Wisc.
Rye, N.Y.
Santee, Calif.
Rothschild, Wisc.

Wet Oxidation

*"Rejected" could be considered on basis of new information
Note: Mgd x 3,790 =cum/day;

gpd x 0,00379 =cum/day

Source: D. G. Stephan, L. W. Weinberger, "Wastewater Reuse-Has it arrived?"
Fed., 40, 529 (1965).
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subsequent filtration.

Chemical coagulation followed by filtration

is used commonly in water treatment plants and is just reaching the
commercial stage in waste water treatment.
Microscreening, a form of filtration, has been studied at the
pilot level on secondary effluent (115).

A screen with openings of

twenty-three microns proved capable of removing an average of 89
per cent of the suspended solids, 81 per cent of the residual BOD,

30 per cent of the total organic carbon, and 76 per cent of the
turbidity.

Pilot work using a filter aid of diatomaceous earth

supported a porous membrane can filter solids from water more
effectively than microscreening.

Preliminary estimates indicate that

it might cost several times as much.

One of the shortcomings of

these types of filtration is that they do not remove phosphorus.
Chemical coagulation followed by filtration can achieve high removals
of both

susp~nded

solids and phosphorus and is the process that is

currently receiving the most attention for both purposes.

The coagu-

lants used are alum or lime, often supplemented by synthetic polyelectrolytes.
Coagulation material can be removed either in beds containing
a single filtration medium, such as sand or coal, or two or more media
arranged so that the void spaces grow smaller as the water passes
through the bed.

These beds are back flushed to clean them.

Dissolved organic compounds (115)
The small amounts of soluble refractory organic compounds that
remain in secondary effluent after the suspended solids have been
removed can cause tastes and odors.

Some may be toxic to plant and

114
animal life.

Activated charcoal is the method furtherest advanced for

removing these compounds from drinking water.

An efficient technique

has not yet developed to remove organics from waste water.
Activated carbon loses absorptive capacity after a while and
must be regenerated by heating to 1700° F in an atmosphere of air
and steam.

This burns off adsorbed organics and the carbon is

ready for reuse.

One of the first activated carbon units used to

treat water was a 0.3 MG/day plant at Pomona, California (116).

One

set of data for more than a year of operation on secondary effluent,
showed removal of 77 per cent of dissolved COD, which is a measure of
dissolved organic material.

Most of the carbon was regenerated once

during the year, and carbon loss in regeneration averaged about 10
per cent.

The quality of the secondary effluent was such that it

could be applied without filtration to the carbon columns, which removed more than 90 per cent of the suspended solids.

The quality of

other secondary effluents might be such that the suspended solids
would have to be removed before the adsorption step to achieve optimum
results.
Other possible methods of removing dissolved organics are
oxidation by ozone, hydrogen peroxide and hydroxyl free radical;
molecular oxygen with or without catalysis; chlorine and its derivatives; and oxyacids and their salts such as potassium permanginate.
As yet, no practical method is available to use these possibilities.
Dissolved inorganic compounds (115)
Of the methods that have been investigated for demineralizing
secondary effluent, electrodialysis, ion exchange, and reverse osmosis
are at the pilot plant stage.

Other methods are not yet practical.

115
Electrodialysis
Widely used to demineralize brackish water, but waste water bas
different problems because of its organic content.

Electrodialysis is

based on the principle that when an electrical potential is impressed
across a cell containing mineralized water, the positively charged
cations in solution migrate to the negative electrode, and the negatively charged anions migrate to the positive electrode.

Certain

types of membranes are permeable only to cations or only to anions,
and such membranes are placea alternatively in the electrodialysis
apparatus to form a series of compartments.

When the electrical

potential is applied, the membranes control the migration of anions
and cations so that the concentration of minerals decreases in alternate compartments, from which water is withdrawn and increases in
~he

interveining compartments.

Charged particles such as large

organic ions and colloids also migrate to the membranes, particularly
the anionic membranes, but they do not necessarily pass through.

They

tend instead to accumulate and foul or plug the membranes, thus reducing the demineralizing capacity of the equipment.
At the largest electrodialysis stack in the United States now
operating on waste water, the 75,000 gal/day unit at Lebanon, Ohio,
the most serious problem has been membrane fouling (117).
The problem is handled now by shutting down the unit periodically
for a day or more, which removes fouling materialso

Chemical clari-

fication and dual media filtration are now being used instead of
diatonaceous earth filtration to remove solids from the feed to the
electrodialysis unit.

Sustained runs up to 30 days can now be made

with little decrease in the degree of demineralization.

116
Ion Exchange
The principle of ion exchange is used widely to soften or
demineralize water and to recover useful by-products from industrial
wasteso

Natural zeolites and synthetic resins can exchange ions with

ions in water solution.

Cation exchange resins, for example, can ex-

change their hydrogen ions with metal cations in solution.

Anion ex-

change resins can exchange their hydroxyl ions for anions such as
chloride in solution.
be regenerated.

Eventually, the resins are exhausted and must

In a typical system, the cation resin might be re-·

generated with an acid, such as sulfuric, and the anion resin with a
base, such as sOdium hydroxi.de.
Certain organic compounds in waste water tend to foul many ion
exchange resins.

Pregenerating the resins is costly, and the strong

wastes from regeneration present a disposal problem.

Progress in this

area has been made on a laboratory scale (118).
Ion exchange also can be used to remove phosphates and inorganic nitrogen compounds from waste water and is of particular interest
for removing ammonia, although a practical process has not yet
materialized.
Demineralized water produced by ion exchange is usually of
much higher quality than is required in waste water treatment.

The

cost of using the process might thus be reduced by treating only part
of an effluent and blending the treated and untreated streams to
achieve the required level of dissolved inorganics.
Reverse osmosis
Reverse osmosis, like electrodialysis, is a membrane process.
This new process is being evaluated at the pilot plant level for a

117
number of uses, including desalination of water and is at the small
pilot plant stage foratertiary treatment of waste water (119)o

The

process still has problems, but it is potentially cheap, simple, and
capable of producing high quality water.
Reverse osmosis is based on the fact that if two solutions of
different concentrations are separated by a semipermeable membrane,
water will move through the membrane in the direction of higher concentration.

The difference in concentrations provides the pressure.

Since the membrane will not pass many dissolved substances, the
passage of water tends event1,slly to adjust the two solutions to the
same concentration.

The process can be reversed by applying pressure

to the more concentrated solutiono

The concentration of dissolved

substances will then tend to increase on that side of the membrane
and decrease on the other side, where the product water accumulates.
A 5,000 gal/day unit operated on carbon treated secondary
effluent at Pomona, California for more than 2,000 hours was one of
the first extended tests.

The feed pressure was 400 lbs/square inch,

and 80-85 per cent of the feed water was recoveredo

The contaminate

reductions achieved averaged 88 per cent for total dissolved solids,

84 per cent for COD, 98.2 per cent for phosphate, 82 per cent for
ammonia, and 67 per cent for nitrate.

The reduction on COD, shows

that the process can materially reduce the amount of dissolved organic matter in the carbon-treated effluent as well as remove dissolved
inorganics.

Some organic compounds evidently can permeate the mem-

brane, but correlations between the ability to do so and the nature
of

the molecules involved are not well established (120).

118

Flant nutrients (115)
Nitrogen and phosphorus support the growth of algae and other
plant life, causing accelerated degradation of receiving waters (121).
A strong effort is being made to control both nutrients, but particularly phosphorus.

One important reason is that certain blue-green

algae can utilize atmosphere nitrogen that dissolves in the water and
thus can subsist independently of other sources of the lement.

The

technology is available now fpr removing much of the phosphorus from
waste water.
Phosphorus removal
A number of phorphorus removal processes are being studied at
levels ranging from the laboratory through the full-scale plant, but
chemical treatment is currently the best developed.
show that

chem~~~~:r-~-~a;cy __ tJ~e~~J!l.en:L can

Operational data

reliably remove 90-95 per

cent of the total phosphate in municipal waste water at a cost of less
than five cents per 1,000 gallons (122).
In the effluent from secondary treatment, phosphorus occurs

largely as orthophosphate ions, with some present in organic compounds.

Aluminum sulfate or lime, when added to the effluent, pre-

cipitate the orthophosphate in complex inorganic compounds.

Aluminum

phosphate or aluminum hydroxyphosphates precipitate at neutral and
slightly acid pH values; calcium phosphates and hydroxyphosphates
precipitate at more alkaline pH values (123-125).

These precipitates

can be removed by sedimentation alone or by sedimentation and filtration.

Flocculation might be required to remove fine particles

effectively.
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Chemical treatment can be combined with biological treatment by
adding the chemicals in the primary or secondary tank of a primarysecondary system.

Treatment with lime in the primary tank alone has

been shown to be capable of removing 80-90 per cent of the total
phosphorus ( 126). Addition of sodium aluminate in the secondary tank
precipitates compounds, which become intimately associated with the
activated sludge.

The final settling tank can be used to remove the

mixture of precipitates and waste activated sludge, which has better
settling characteristics than waste sludge alone (127).

Phosphorus

removals of more than 90 per cent have been achieved by this process.
Biological treatment processes normally remove some phosphorus
from waste water, and better than 90 per cent removal of total
phosphate bas been found in activated sludge plants in some circumstances ( 128) .•

The phenomenon has been attributed to "luxury

metabolic uptake," in which the organisms accumulate much more
phosphorus than they·need to grow, but it can also be explained on
the basis of a chemical precipitation mechanism ( 129).

Phosphate re-

moved from solution in the activated sludge process has also been
found to return to solution when the waste sludge is settling (130).
Further study of such effects might make it possible to learn to
operate the activated sludge process so as to markedly increase
phosphorus removal, which normally averages only about 30 per cent.
Other processes that can remove phosphorus include ion exchange and sorption on activated alumina (131).

One of the problems

with ion exchange is the lack of a resin that is specific for
phosphate in the presence of sulfate, which generally is present at
four or five times the concentration or phosphate.

Activated alumina

120

has been shown to adsorb phosphates very effectively from tap water
(132) and in principle should provide economical tertiary treatmento
Questions remain, however, on the overall efficiency of activated
alumina in the presence of other waste water contaminants, such as
organic compoundso

Also, about 10 per cent of the alumina is lost

each time it .is regenerated with sodium hydroxide, and means of reducing this loss are requiredo
Nitrogen removal
The methods that are being investigated for removing high
levels of nitrogen from waste water include some that depend on the
interaction of compounds of the elements with microorganisms (133).
Most of the nitrogen in municipal waste water is in the form of
ammonia or compounds that release ammonia during the biological
treatment process.

Nitrifying bacteria will convert ammonia to

nitrite and nitrate if they are populous enough and if enough
dissolved oxygen is present.
If the activated sludge process is modified to create
nitrifying conditions, the nitrified effluent can be treated by
dentrifying bacteria.

At low levels of dissolved oxygen, these

organisms reduce nitrite and nitrate to nitrogen, which escapes as
a gas.

The effectiveness of the method has yet to be demonstrated on

a large scale, but one four-month pilot-scale study showed average
conversions of 95 per cent of the ammonia to nitrate and 86 per
cent of the nitrate to nitrogen.

The level of organic material

in the denitrification system is relatively low, and a nutrient such
as methanol or some other source of carbon must be added to support
the denitrifying bacteria.

~l

A nitrified effluent can also be denitrified in filters, such
as beds of sand or activated carbon.

Here, too, a nutrient such as

methanol must be added to support the denitrifying bacteria.
Denitrification in filtration beds could be a useful process, and
research on the technique is continuing.
If the nitrogen in the secondary effluent is in the ammonia
form, it can be stripped from the water with air.

In water, ammonia

and hydrogen ion exist in equilibrium with ammonium ion.

The state

of the equilibrium depends in part on whether the water is acid or
alkaline; as the pH rises above 7 (basic direbtion), the equilibrium
shifts in the direction of ammonia.

The pH can be increased to the

optimum point, which theoretically is ll.5, by adding lime, which thus
serves dual purpose if it is also being added to remove phosphate.
If the water is then agitated vigorously in a forced-draft, countercurrent, air stripping tower, the ammonia is driven off from solution
and leaves in the air exhausted from the

tower~

Ammonia removals of

well over 90 per cent have been achieved in pilot-plant work on air
stripping.
Ultimate disposal (115)
Advanced waste treatment like conventional treatment, produces
wastes that ultimately must be disposed of

(134). Processes such as

microscreening and filtration on diatomaceous earth, applied to
secondary effluent, should produce only small volumes of wastes.

The

solids removed by these processes can be returned to the treatment
plant, where they would slightly increase the volumes of sludge from
primary and secondary treatment.

122

The much larger volumes of waste produced by chemical treatment
for removing solids would be reduced markedly in an advanced treatment
system by returning backwash filter water to primary and secondary
treatment.

The volume could be further reduced by recovering and

reusing processing chemical, such as the lime used to precipitate
phosphate.
Adsorption of organics on activated carbon produces little or
no solid waste.

The adsorbed contaminants are destroyed when the

carbon is regenerated.
The liquid wastes from processes such as electrodialysis and
reverse osmosis would be a more difficult problem They may consist of
5-10 per cent of the feed and contain from 5,000 to 15,000 mg/l of
total dissolved solids, compared with sea water at 35,000 mg/l.

Con-

centration of such wastes to smaller volumes during the treatment
process appears to be impossible because scale precipitates on membranes and heat transfer surfaces.
lakes is one possibility.

Disposal in the oceans or salt

Another would be concentration by solar

evaporation and subsequent disposal of the salts in the oceans or in
sealed cavities.

Many arid inland areas where demineralization would

be required also have low cost land where solar evaporation ponds
could be used.
Applications of Advanced Treatment
Several advanced treatment processes have been put into use.
The most significant large scale use of integrated advanced treatment today is the water reclamation plant of the South Tahoe Public
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Utility District at Lake Tahoe, California (135)o

The new 7.5 Mgal/day

demonstration plant combines these processes:
1.

Conventional Primary and Secondary Treatment

2.

Flocculation and phosphate removal with lime

3.

Nitrogen Removal by ammonia stripping

4. Multimedia filtration aided by synthetic polyelectrolytes
5.

Organic removal by adsorption on activated carbon

6. Disinfection by chlorination
7.

Recovery and reuse of lime used as a flocculant

8. Regeneration of activated carbon
The new plant was designed on the basis of extensive pilotplant work, plus experience with an existing 2.5 Mgal/day plant that
used primary and secondary treatment, chemical coagulation and multimedia filtration, activated carbon adsorption and chlorination.

The

performance of the existing plant and the expected performance of the
new plant are seen in Table 15.

For the first six months of operation

total capital and operating costs for the tertiary section of the new
plant were running 12 cents/l,000 gal.

Costs of the primary-secondary

section were about 8 cents/l,000 gal , giving a total of about twenty
cents/1,000 gal.
Advanced waste treatment on a considerably larger scale is
embodied in the design proposed for the Salt Creek Water Reclamation
Plant of the Metropolitan Sanitary District of Greater Chicago (136),
which is scheduled to be operating in 19700

The proposal for the

30 Mgal/day plant included these processes:
1.

Two-stage activated sludge with nitrification in the
second stage

TABLE 15
WATER QUALITY AT SOUTH TAHOE PUBLIC UTILITY DISTRICT WATER RECLAMATION PLANT

PARAMETER
BOD (mg/l)
COD (mg/l)
TOTAL ORGANIC CARBON (mg/l)
COLOR (units)
TURBIDITY (units)
PHOSPHATE (mg/l as P0 )
4
NITROGEN
ORGANIC N (mg/l as N)
AMMONIA N (mg/l as N)
NITRATE AND NITRITE N (mg/l as N)
pH
SODIUM (mg/l)
CALCIUM (mg/l as Ca)
ALKALINITY (mg/l as CaC0
3
SULFATE (mg/l)
Source:

RAW

WASTE WATER
200-400
400-600

EXISTING TERTIARY
PLANT EFFLUENT
USING ALUM

EXPECTED OF
NEW TERTIARY
PLANT USING LIME

25-30

< l
1-25
< 1-7 .5
< 5
< 0.5
0.1-1

< 1
3-25
< 1-7.5
< 5
< 0.5
0.2-1

10-15
25-35

1-2
12-32

0.3-2.0
0.3-1.5

0

7.2-7.4
60
15

110-130

20

0

6.4-6.8
60
15
70
200

0

8.3-8.6
60
18-25
250
20

A. F. Slechta, G. L. Culp, "Water Reclamation Studies at the South Tahoe Public Utility District,"
J. Water Pollut. Contr. Fed., 39, 787 (1967).
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Addition of alum or sodium aluminate in the first

2o

activated sludge tank to remove phosphate.

3. Dual media filtration with nitrogen removed by denitrification in the filters

4. Chlorination
The first large-scale waste water treatment plant designed to
produce effluent that could be used to recharge ground water used for
municipal water supply has been operating since 1962 at Whittier
Narrows in Los Angeles County, California.

The plant treats 15 MG

of municipal waste water per day and spreads the chlorinated effluent
from conventional primary-secondary treatment· on flood water spreading
grounds.

The effluent percolates through the soil, which provides a

form of tertiary treatment and enters the ground water.

Intensive

study of the Whittier Narrows operation has produced no evidence of
marked or deleterious effects on the ground water at or below Whittier
Narrows (137).
Treated waste water is reused for recreation at Santee,
Californiao

Effluent (138) from primary-secondary treatment is

treated further in an oxidation pond, and part of it is then pumped
to a spreading area.

It percolated through the soil and feeds several

lakes that have been for fishing, boating, and swimmingo

No public

health problems have been detected in the lakes, although problems
have arisen with eutrophication and the resulting fish kills caused
by low levels of dissolved oxygeno
At Lancaster, California, a 500,000 gal/day waste water treatment facility is being designed to supply recreational lakes (139).
It will use primary treatment, biological treatment in an oxidation
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pond, chemical coagulation and sedimentation, dual-media filtration,
and chlorination.
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· Fi,,.g,. 9. --Map of Utah Lake indicating some of the 1968-69 water quality sampling stations.

CHAPTER VI
UI'AH LAKE

Introduction
In this section an attempt will be made to discuss the problem
of eutrophication as it applies to Utah lake.

The sections on des-

cription of Utah lake, water quality, plants of Utah lake, and ani. ma ls of Utah Lake are de liberate ly general to give an overa 11 picture
of the area.

The remainder of the thesis specializes on the problem

of eutrophication in Utah Lake.

The study was limited to nitrates and

phosphates.
An attempt has been made to identify the sources and calculate
the amounts of nitrate and phosphate entering the lake.

It was not

possible to give a complete picture for the years 1967-70 because of
the lack of data.

This paper will report as much information as was

available at the time of publication.

The procedures used in this

thesis to analyze results can be applied to further data as they become available.
Description of Utah Lake
A brief summary of Utah Lake prepared by D. A. White, et al.
(140) shows it to have the following characteristics:
'Location:
Lat:

North Central Utah, U.S.A.
4o0 2' 30" I..atitude--4o 0 21' N Longitude
128

129
Altitude:

1,370 M (4,487 ft.) above sea level

Area:

380K2 (147 mi2 )

Depth:

Maximum--5.5 M (20 fto)
Mean--3M (9 ft.)
Has a uniform depth with a few deep holes

Volume:

11.4 x 108 m3. Varies considerably from year to
year. 1928, 1952, 1968--High water years, 1934,
1961 marked low water years.

Origin:

Pluvial (one of the remnants of Lake Bonneville).
Sources--2/3 runoff, 1/3 ground water seepage into
springs.

Classification:

Lake with a high nutrient level; produces many
blooms of algae and mi:::1:-o-~rustaceans. Less
oxygen in winter than summer due to ice cover.
Preva:i ling winds SW and r;~<;. Afternoon winds are
common.
Water Quality

Utah Lake is a shallow, hard water lake.
is related to the amount of water in the lake.

The total hardness
In dry years it be-

comes quite high, 700-900 ppm, while in high water years it is from
250-375 ppm.
The turbidity (dark color) of the water is due to the soft
sediments (clays and silts), shallow water, and wind action.
cause of this, the wind mixes the bottom with the water.
the water a grey appearance.

Be-

This gives

In deeper lakes this problem does not

occur because the wind energy is dissipated before it reaches the
bottom sedimentso
Pesticides in this lake do not present an immediate problem
because they are well below federal standards (141).
Most of the human wastes that enter the lake have been treated
in secondary sewage plants and the disease potential is usually low.
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However, the animal wastes from farm and ranching operations are not
treated and help bring the bacterial count to high levels.

In

general, studies performed by White, et al. (140) have shown that the
lake waters are safe for water contact sports anytime when over onehalf mile from the east shore.
Plants of Utah Lake
Algae and fungus
Because the lake is shallow, warm and has a rich supply of
nutrients, algae grow in great numbers.

In high water years more

nutrients are washed from the land into the lake.
algae population proportionally.
lake.

This increases the

Algal blooms are very common on the

(Background on this is given in section III under a,lgal

blooms).

It is not uncommon to see algal blooms larger than the size

of a football field in various parts of the lake.
Many fungi grow in water and recently completed studies on
Utah Lake have shown it to contain many species (142).

The fungi

break down the dead plants and animals to simpler compounds for
energy and growth materials.
in cleaning water.

They are important along with bacteria

A white or grey slime on slow moving or still

water indicates a water fungus or water mold.
Higher plants
There are many kinds of marsh and true water plants in and
around Utah Lake.

Among the most common are:

Willows--several species
Cottonwoods--grow rapidly but subject to much wind damage
Tamarix--an introduced bush from the Mediterranean area
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Cattails, rushes, bull rushes
Water weeds--smart weeds, pond weeds, arrow head, coontail
Animals of Utah lake
Zooplankton
The zooplankton are important because they represent the middle
link in the food web {see Chapter III--Relation of Algae to Fish Life).
If, for a;ny reason, the zooplankton were to disappear, much of the
larger aquatic life would perish because the plankton constitute a
major part of their diet.
Bottom organisms (macro-invertebrates)
These animals are important members of the food web of the
lake.

The most numerous are the midges and small water worms

(oligochaets).

Other interesting forms are freshwater sponges,

leeches, snails, moss animals, wire worms, and aquatic insects such
as water boatmeno

Some of these organisms are herbivores, scavengers,

predators or some of all.

The fish and birds feed on these organisms.

Fishes
~

In 1776, Father Escalante wrote about the abundant birds, fish,

and beaver of Utah lake and its tributaries (143).
American Indians for centuries traveled each spring to the
lake to harvest the wild cutthroat trout during the spawning run from
the lake up the river.

The Mormon settlers began commercial fishing

in 1850 and for 25 years trout, herring, and suckers were caught in
great numbers.

However, over-fishing, irrigational diversion and

stream disturbance caused a marked decline in trout fishing.

To
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compensate for the decline, new species such as carp, large mouth bass
and perch were introduced.
they are extinct.

By the early 1920's trout were rare.

Now

This same fate befell any lake species, inverte-

brate or vertebrate, that used the incoming streams for spawning
( 143).

(See Table 16)
Today we find the plants and animals of the lake are a mixture

of native and introduced species.
Birds
The careful observer can spot many beautiful bird forms in
the marsh regions about the lake.

Because Utah Lake is located near

the junction of the Pacific and Central flyways, numerous migratory
species frequent the lake.

(See Table 17)

Mammals
Several types of mammals can be observed about the lake.

The

beaver and muskrat were of major economic importance to the early
trappers and settlers.

Weasles have infrequently visited local

chicken coops near the lake.

Occasionally, in the winter, deer have

been known to retreat to the lake from the snow-bound mountains.
Total Nitrate and Phosphate Entering Utah Lake
From tributaries
Most of the tributaries entering Utah Lake flow year round.
Consequently, nitrates and phosphates are continually entering the
lake from the tributaries.

These ions are leached from the soil into

the rivers and streams either by erosion or return flow from irrigation.
There is always a certain amount of nitrate and phosphate naturally
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TABLE 16
FISH OF UTAH LAKE 1970
COMMON NAME
Carp

ECOLOGICAL Il1PORTANCE

Goldfish

I-C Scavenger
I-R Scavenger-predator

Utah chub

N-R Scavenger-predator

Golden shiner

I-0 Micro-predator

Fat head minnow

I-0 Micro-predator

Western mosquito fish
Perch

Surface predator
I
I-R Predator

Walleye

I-0 Predator

Green sunfish
Blue gill-

I-C Predator
I-0 Predator

Large mouth bass

I-0 Macropredator

Black bull head

I-C Scavenger

Channel catfish
White bass
Brown trout

I-0 Scavenger predator
I-C Predator
I-R Predator

Mountain sucker

N-R Scavenger

Utah sucker
Webeg sucker

N-R Scavenger
N-R Scavenger

KEY:

N - native
I - introduced
c - conunon
0 - occasion
R - rare
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TABLE 17

A PARTIAL LIST OF B!RDS COMMONLY SEEN AT UTAH LAKE
COMMON NAME

HABITAT

i American Avocet

Shore

.Mierican Coot

Marsh

Black-crowned Night Neron

Marsh

Black-necked Stilt

Marsh

California Gull

Shore

Canadian Goose

Marsh

Great Blue Heron

Marsh

Green-winged Teal

Marsh

Marsh Wren

Marsh

Killdeer

Marsh

Pintail Duck

Marsh

Snowy Egret

Marsh

Yellow-headed Blackbirds

Shore

Western Tanager

Shore

White-faced Ibis

Marsh
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leached from the soil and added to the tributarieso

These amounts,

however, are small in comparison to what is added by the farming and
ranching practices of man.
According to Wood and Fenske,

the Utah Iake drainage basin

has a total land area of 21 216,545 acres.

1,085,867 acres are used for farming (144).

Of this, a total of
In

1968, the nitrate

and phosphate fertilizer that was sold in this drainage basin was

5,322 tons (144). The rest of the fertilizer used was assumed to
be manure from farm animals.
Ensminger (145) gives the average manure production per 1,000
pounds of body weight as follows:

cattle, 15 tons/year; horses, 10,

tons/year; hogs, 18 tons/year; sheep and goats, 7 tons/year.

If all

the animals, from the newborn to the full-grown adult, are considered,
the average weight of the cattle in this area would be 800 pounds,
horses 800 pounds, hogs 200 pounds, sheep and goats 100 pounds.
To figure the total manure production for each of the above
classifications of animals, the following equation was used:
Tons Manure=
Total

=

(av. wt. animal) (number animals) (manure/year)
1,000 pounds
sum of each class of animals

The number of animals in the part of Juab County that is ineluded in the Utah Lake drainage basin is not known.
available, however, on Utah and Wasatch Counties.

Figures are

As a result, the

amount of manure available for use as fertilizer will be lower than
the actual value.

These figures will give some idea as to the amount

of manure produced in this area.
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According to Wood and Fenske, Utah and Wasatch Counties in 1968
bad a total of 76,342 cattle, 3,706 horses, approximately 106,ooo
sheep and goats, and approximately 26,500 pigs

(144). This means

tbat in 1968 farm animals produced l,115,36o tons of manure.

When

the total manure produced is added to the amount of commercial
fertilizer sold, then the Utah Lake drainage basin had available for
use as fertilizer 1,120,682 tons.

If this material is spread evenly

over the entire drainage basin, the land receives an average of 0.51
tons (acre year).
Unfortunately not all of this fertilizer is applied directly
to the land.

Many of the anlmals have free access to the rivers and

streams which pass through the pastures.

This means that some of

the available fertilizer is deposited directly into the rivers and
streams and flushed into the lake.

No data is available as to how

much is added to the water by this means.

Of the fertilizer that is

applied to the land a certain amount is lost by erosion and leaching
due to runoff and return flow from irrigationo

This water, along with

the dissolved nutrients, eventually finds its way into Utah Lake and
contributes to the problem of eutrophication.
An attempt will now be made to calculate the total amount of
nitrate and phosphate entering and leaving Utah Lake through its
tributaries.

These calculations can only be made for the summer

months of 1970.

It was not possible to do it for previous months due

to the lack of information.

The summer of 1970 was the first time

that extensive readings and measurements were taken.

Figure 10

shows the collecting stations which correspond to the stations in
the tables.
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LJ Santaquin
Fig. 10. --Utah Lake Tributary Collecting Stations.

Table 18 lists the total volume of water passing through the
tributaries during the months of June, July, and August, 1970.

Tables

19 and 20 list the average nitrate and phosphate concentrations in the
tributaries during this same period.

Finally, tables 21 and 22 list

the total nitrate and phosphate passing through the tributaries
during these months.
Calculations of the total nitrate or phosphate passing
through the tributaries were made using the following equation:
Total= (acre ft/mo) (3.26 x 105gal/acre ft) (mg/l av. P04-3 or
N03-) (8.34 x 10-6 (lb 1 /mg gal)= lb (P04-3 or N0 -)/mo
3
From sewage treatment plants
Utah Valley has nine plants for the treatment of secondary
municipal sewage.

Along with these, Geneva Steel has two main

sources of effluent which contribute nutrients to Utah Lake.

These

include the sewage treatment plant effluent with an effluent of
approximately 75,000 gal/day and the main holding pond known as
weir-80

To calculate the amount of nitrate and phosphate discharged

from these plants two things must be known:
1.

The a;erage concentration of nitrate and phosphate

2.

The total volume of water passing through the plant during
this same period.

The average concentration of nitrate and phosphate was determined from the Utah State lab reports (146) covering the period
1967-70.

A four-year period was used to determine this average

because the state labs report only three or four values a year.
values are based on the analysis of a single sample in each case.
nitrate and phosphate concentrations listed in tables 23 and 24

These
The
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TABLE 18
TOTAL FLOW FOR UTAH I.AKE TRIBUTARIES - 1970
Collecting Station

June
acre ft.

July
acre ft.

August
acre ft.

Sept.
acre ft.

1.

Jordan River

39,440

45 ,279

50,741

33,396

3.

Alpine

289

3_18

4;

American Fork
(upper)

11, 761.2

6,700

3,000

5.

Mill Pond
(Spring Creek)

1,833

1,326

683

1,305

6.

Geneva Cannery
Drain

1,933

1,448

1,566

2,794

14' 196

1,301

638

996

802

714

720

739
807

8

.

9.

Provo River
(lower)
Big Dry Creek

1 o.

Hobble Creek

1,100

700

700

1 1.

Spring Creek

731

609

373

14 •

Benjamin Slough

3,041

1,513

1,625

3,340

15

Spanish Fork
(lower)

3,837

453

681

2'165

532

478

581

428

~

16.

Drain

Source:

E. Loveless, J. A. Riley, J. R. Barton, "Water Budget Studies
of Utah Lake," BYU CE Dept., Personal Communication.
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TABLE 19
AVERAGE MONTHLY NITRATE LEVELS IN
UTAH LAKE TRIBUTARIES -- 1970
values given in mg/l

Collecting Station June July Aug.
1.

Jordan River

1.90

J.))

Sept.

2.30 a

-· -

0.60 1 0.71 o.oo o.oo
3. ·Alpine
4. American Fork
(Upper)
0.90 1.10 o.oo o.oo

Nov.

Dec.

2.39 a
0.58

a
-

0.38

-

bo.76

a

-

6.15

-

10.16

Mill Pond
(Spring Creek) 2.90 4.40

6.

Geneva Cannery
Drain
0.90 11.40 14.90 16.30

7.31 a

8.

Provo River
(lower)

0.93

9.

Big Dry Creek 8.80 12.30 6.90 0.87

1.30 0.90 o.oo o.oo

b 1.45

0.31 a

5.

5.30 12.00

· Aver. for all
Values Listed

a

-

1.33

b 1.14

5.00 4.87
o.oo a

6.46

a
-

b o.42

10.

Hobble Creek

11.

Spring Creek

13.

Spring Lake

14.

Benjamin Slough3.50 4.55 2.90

3.59

5.76

7.97

4.71

15.

Spanish Fork
(lower)

1.54

1.99 2.70

b 2.11

16.

Drain

0.70 o.4o o.oo o.oo
4.90 5.98 15.19 a

a

0.50 4.oo

1.06 a

I

1.90
~6.40

1.90

-

1.20 o.oo

1.70

-

9.65 12.89 15.90 23.48 a

-

-

8.69
1.35

14.66

aBlank indicates that no measurements were made that month.
bvalues given as weighted average.
Source:

D. R. Pratto Unpublished Data Collected at BYU Chem.
Dept., Provo, Utah, 1970.
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TABLE 20
AVERAGE MONTHLY PHOSPHATE IN
UTAH IAKE TRIBUTAR.IES--1970
Values given in mg/l

....

Collecting Station June July Aug •. Sept.
1.

Jordan River

J•

Alpine

4. American Fork
(Upper)

5. Mill Pond

Nov.

Dec.

o.4o a

a

0.10 0.70 1.00 0.15
0.10 0.20 0.80 0.20

o.41

0.10 0.10 0.50 o.oo

0.65 a

-

Aver. for all
Values Listed
b 0.51

0.34

-

b 0.28

0.2

o.4o 0.50

0.09 a -

0.28

o.6o 1.9

1.40 0.80

0.20 a -

0.98

0.10 o.6

0.80 0.20

o.oo o.oo

b o.o8

9. Big Dry Creek 0.20 0.21 o.oo 0.10

o.oo 0.03

0.08
b 0.24

(Spring Creek) 0.20

6. Geneva Cannery
Drain

8. Provo River
(lower)

10. Hobble Creek

0.20 0.10 0.50 0.03

o.oo o.48

11. Spring Creek

2.15 4.80 2.8o a

a

-

1.14

2.72

0.95 a0.70 o.68

0.25
o.66

0.20 0.80 0.60 o.oo

o.oo 0.00

b 0.14

0.20 o.4o 1.20 0.20

3.46 a

13. Spring Lake· 0.20 0.10 o.oo o.oo
14. Benjamin Slougbj o.4o 0.70 0.80 0.70
15. Spanish Fork
(lower)

16. Drain
8 Blank

b

-

-

1.09

indicates that no measurements were made that month.

Values given as weighted average.

Source:

D. R. Pratt. Unpublished Data Collected at BYU Chem.
Dept., Provo, Utah, 1970.
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TABLE 21
TOTAL NITRATE PER MONTH PASSING THROUGH
UTAH LAKE TRIBUTARIES IN 1970a
Values given in pounds/monthb

Collecting Station

June

July

August

l.

Jordan River

157,000

142,00C

244,ooo

3.

Alpine

4. American Fork

September

500
29,000

20,000

5.

Mill Pond (Spring
Ck.)

11,000

12,000

8,ooo

9,000

6.

Geneva Cannery
Drain

4,ooo

34,ooo

!f.9,000

28,000

8.

Provo River(lower}

50,000

3,000

13,000

18,ooo

10,000

400

--~

9. Big Dry Creek

/~

10.

Hobble Creek

2,000

1,000

11.

Spring Creek

8,ooo

8,ooo

12,000

2,000

12.

Spanish Fork(upper}

13.

Spring lake

14.

Benjamin Slough

25,000

15,000

10,000

7,000

15.

Spanish Fork

20,000

2,000

3,000

9,000

16.

Drain

11,000

9,000

16,ooo

4,ooo

aCalculations made as follows:
(acre ft/month) (3.26 x 105 gal/acre ft) (8.34 x lo-61b.
'
l/gal. mg) (NOj average in mg/l)==lbs. nitrate/month
bAll answers rounded off to the nearest whole number.

TABLE 22
TOTAL PHOSPHATE PER MONTH PASSING THROUGH
UTAH LAKE TRIBUTARIES IN 1970a
Values given in pounds/monthb

Collecting Station

June

July

August

September

Jordan River

11,000

86,ooo

138,000

i4,ooo

200

700

2,000

4,ooo

1,000

700

700

2,000

3,000

7,000

6,ooo

6,ooo

4,ooo

2,000

1,000

500

400

400

1.

3. Alpine
4.

American Fork(upper) 3,000

5.

Mill Pond (Spring
Ck.)

6. Geneva Cannery

Drain

8.

Provo River(lower)

9. Big Dry Creek

200

10.

Hobble Creek

6oo

200

1,000

11.

Spring Creek

4,ooo

8 1 000

3,000

12.

Spanish Fork(upper)

13.

Spring Lake

14.

Benjamin Slough

3,000

3,000

4,ooo

15.

Spanish Fork( lower)

2,000

1,000

1,000

16.

Drain

300

500

2,000

100

6,000
200

8calculations made as follows:
(acre ft/month) (3.26 x 105 gal/acre ft) (8.34 x io-6 lb
l/gallon mg) (ro43 average mg/l) = lbs phosphate/
month ·
bAll answers rounded off to the nearest whole number.

TABLE 23
AVERAGE NITRATE CONTENT IN WA~TE WATER
TREATMENT PLAtfI EFFLUENTa
mg/1

TREATMENT PLANT
Lehi
American Fork
Pleasant Grove
Orem
Provo
Springville
Spanish Fork
Salem
Payson
Pipemill Div Geneva wks
Treatment Plant Effluent
Geneva (Weir) 8
8

t-

\0

c:
~

t-

t-

\0

>,

::s

\0

_!

(IJ

c:

~

t-

\0

>

0

:z.;

$

co

co

J.t

...-4

::s

~

o.4
11
32 26
6.6
11
0.9
3.6
·0.9
27 37 21
14
16 0.5
6.9
1.5 4.8
o.o
5.5
3.7
14
13
39
24
31 17
5.5
15

13 65
13 11

\0

:::s

~

\0

tlO

<C

tB
C.I
(IJ

A

$
J.t

~

0\

\0

>,

-~

7.3 1.2
9.1 6.6 o.8
24 22.8 7.1
0.1
1.9 0.7
3.2
0.9
o.o
o.8
o.o
0.1
22.1
4.1
13
23.6
27
39
15.• 9

35
28

10

37 30
10 16.8

52
37

Each entry represents the analysis of a single sample.

hvalues listed are in milligrams per liter.
c

The average for each plant does not include the high or low values.
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d

0\

$

Pt

0

__£

_l

63
4.4
64
100

3.6
1.9
10.6
1.5

-~

13
1.2

35

1.3
15.4
11.3
38.8
13.2
30
5.0

g

\0

0

Q)

r-1

_.;_ ~.

2.8
5.5
2.8
2.0
128
105

0

t-

(IJ

~

0.1
J.t

<IJO

~.

4.6 12.l
o.6 3.9
3.1 20.8
o.8 5.1
1.4 2.2
2.6
4.3 11.9
3.2 23.5
2.1 7.7
37.4
18.7

~

.;:-

TABLE 24
AVERAGE PHOSPHATE CONTENT IN WASTE WATER
TREATMENT PLANfi EFFLUENTa
mg/l
TREATMENT PLANT

l'\0

s::co

~

Lehi
American Fork
Pleasant Grove
Orem
Provo
Springville
Spanish Fork
Salem
Payson
Pipemill Div Geneva wks
Treatment Plant Effluent
Geneva (Weir 8)
8

37.0
26
15

4.7
2

!:'-\0
~

co

~

l'\0
Q)

§

~

$

>
0

:z;

16 17
8.9 17
5.5 5.7
14
13
4.7
6.5
12
6.3
12
9.3
13
9.3

c:o

c:o

$

~

GO
\0
bO

0

J.t

~

<C

A

GO
\0

\0

J.t

~

:::s

:::s

\0
Q)

~

$
~

~

$
~

<C

$
s::i.

Q)

Cll

18
2.0 19 31.8
10
10
22
1.5 20 23.9
8.1
10 7.3 11.7
9.3
27.2 31.4
25 30
11 11
11
9.6
6.7
11
21
8.9
13.0
15
1.1
11.0
6.6 12
3.5
12 0.9
16.7
12.7
15
10.0
13.1

2.2 2.0 3.5
1.1 1.0 2.0

3.5 2.8 1.4
3.3 2.3 1.6

Each entry represents the analysis of a single sample.

bValues listed are in milligrams per liter.
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0
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0

~

Q)

A

30.5
27.3
8.6
31

~

19.2
21'..5
13.05
14.05

g
<II

s::
:::s

~

0
t'-

Q)

tQ

~

f

~

<C

:::s

Q)

>

1.1
1.4
27.1
24.5
9.2

18.3
16.6
11.0
23.4
8.7
14.3
27.5
18.o 14.5 9.8
13.5 17.5 12.3
18.5 13.5 13.8
2.6 2.7
3.0 1.9

~
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represent all of the data appearing in the state lab reports between

1967-700

An average was then taken of all values listed with the e~-

ception of the high and low value for nitrate in each plant.

These

were not included in the average because some of them were way out
of proportion.

It was felt that a better average could be obtained

without these figureso

This was assumed to be the average nitrate

and phosphate concentration for the whole period.

Since the average

flow does not change significantly from year to year, these values
would be fairly good.

It is understood that these figures are not

very accurate, but it does gi.ve us some ::.dea of what is happening.
The total volume of water passing through the plants was determined from Utah State reports (147) and information obtained from
Geneva Steel (148).

These reports (Table 25) give the average daily

flows from each plant.

A total yearly flow was calculated from table

25 and listed in table 26.

The yearly flow (Table 26) was determined

as follows:
Monthly flow= (average daily flow)(days/month)= total flow/mo.
Yearly flow

=

Sum of monthly flows

The total nitrate or phosphate leaving these facilities
(Tables 27 and 28) was then determined from the data contained in
Tables 23, 24, and 26 using the following equation:
Total= (gal/yr)(mg av No3- or P04 -3/1)(8.34 x lo-6 lb.1/gal.
mg)= lbs (N0 - or P04 -j) /yr
3
The results show a general yearly increase in the amount of nitrate and
phosphate leaving the municipal treatment plants.

This is accounted

for by the yearly increase in population in this area.

. TABLE 25
AVERAGE DAILY DISCHARGE FROM MUNICIPAL SEWAGE
PLANTS IN UIAH COUNTY 1967
Volume, Mgal/day

Design
Capo
(t.U/day)

JAN

FEB

MAR

APR

1.0

o.44

0.50

o.42

o.42

12.0

7.7c

8.5c

8.3c

8.3c

11.0c

12.6c

14.oc

American Fork

l.B

0.65

0.63

0.7

o.6

o.8

2.5c

3.0

Orem

5.6

2.2c

2.2c

2.2c

2. lc

2.4c

2.5c

Lehi

0.5

no data available

Salem

0.2

no data available

Spanish Fork

1.8

1.9

2.1

2.1

1.8

2.0

Springville

2.0

1.32

1.79

1.79

1.31

1.89

LOCATION
Pleasant Grove
Provo

MAY

•

JUNE

JULY

AOO

SEPT

OCT

1.83

1.75

1.06

l.14

1.07 0.96

NOV DEC

13.sc

12.5C 10.6 8.5c

1.0

0.9

o.8

0.7

-

2.sc

2.4c

l.9c

l.9c

2.1

2.2

2.2

2.1

1.8

1.7

2.07

2.31

2.29

2.22

1068

1.49

3
5

:9

t-'

:.1

TABLE 25 -- continued
1968

LOCATION
Spanish Fork

-

DESIGN
CAP
JAN

MG_L_d~

1.8

1.5

FEB

1.8

MAR
1.7

-

APR
1.5

MAY
1.7

Salem

0.2

Provo

- -

12.0

8.03 8.53

8.70

9.47

Pleasant Grove

1.0

0.75 0. 8li.

0.85

0.82

Orem

5.6

1.94 2.0

1.9

1.9

-

American Fork

1.5

0.7

0.8

0.8

Lehi

0.5

0.44 0.48

0.56

Springville

2.0

1.37 1.47

1.52

0.7

-

-

JUNE
2.1

-

10.32 ~2.50
1.06

JULY

1.25

2.1

I

-

14.00

AUG

SEPT

OCT

1.7

2.1

2.0

2.0

0.12

0.12

0.12

0.11

14,00 12.40

10.00

8.60

8.20

NOV

DEC

i,I

0.12

-

1.19

1o23

1.24

1.00

C.99

0.82.

2.7

2.5

2.8

2.3

2.3

2.3

0.9

3.0

3.0

1.0

0.9

0.9

0.8

0.56

0.59

0.66

0.66

o.66

0.66

0.58

0.55

Oo56

1.53

1.95

2.46

2.58

2.40

2.17

1. 72

1.54

1.43

I-'
~

00

TABLE 25 -- continued

--

LOCATION

-

1969

·- -

JAN

FEB

MAR

APR

MAY

JUNE

JULY

AUG

SEPT

OCT

NOV

DEC

American Fork

0.9

1.0

o.8

1.0

4.0

5.0

3o0

1.5

1.0

0.9

o.8

o.8

Lehi

0.54

o.54c

0.54 ( 0.54

0.66

0.73

0.65

o.65

0.6£.,

0.50

1.1

2.4 8

-

-

-

-

Oo55

Orem

-

0.65

-

1.3

1.0

0.7

0.42

0.38

1.54

1.48

1.47

1.21

1.02

0.90

16.00 15,.SO

13.13

10.05

9.02

Payson

-

-

-

1.1

1.6

-

-

-

1.10

1.52

Pleanant Grove

0.90

0.83

0.78

o. 74

Provo

9.11

9.50

8.98

9.28

Spanish Fork

2.0

2.0

2.1

2.1

2.1

2.1

2.1

2.0

1.9

2.0

2.0

2.0

0.11

0.12

0.12

0.13

0.13

-

-

0.13

0.13

0.14

-

-

0.14

0.13

2.35

1.85

1.86

Salem
Springville

-

0.95

--

10.76 16.49

-

-

-

-

t-'

-Po
\0

TABLE 25 -- continued
1970
LOCATION

JAN

FEB

MAR

APR

·-

MAY

JUNE

~·

American Fork

0.7

0.8

0.7

0.9

Lehi

0.50

o.52

0.55

0.55

Orem

1.2

1.3

1.2

1.2

Payson

0.38

0.35

Provo

9.52

9.48

Pleasant Grove
Springville
Salem
Spanish Fork

-

2.0

-

2.0

-

AUG

SEPT

-

OCT

9.38

Utah State Department of

......

1.8

0.13

0.12

0.14

2.1

2.1

Health~

DEC

V1

LI - 3 day avg
L - Plant by-passed Aug 7 - Aug 30 for clarifier maintenence. The only plant that by-passes is
American Fork when flows exceed capacity of pumps which is 3 MG/day
E - Estimated Flow
SOURCE:

NOV

0

1.9

-

JULY

Salt Lake City, Utah
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TABLE 26
TOTAL VOLUME OF WATER LEAVING WASTE WATER
TREATMENT PLANTSa
Mgal/year

Location

1967

American Fork
Pleasant Grove
Orem
Provo
Springville
Spanish Fork
Salem
Payson
Geneva {Weir 8)
Pipemill Div Geneva Wks
Treatment Plant

1969

212

218

411
(11 mo.)
367
317
(11 mo.)
744
689
(11 mo.) (10 mo.)

631

no data

Lehi

1968

396

1970
64
(4 mo.)

93

411

147
(4 m6.)
___3.tl.4-4.
J.1J,29,__
1JYi3 ·-.
~51
-( ii mo. )--1 ( 3 mo.)
171
216
674
630
(4 mo.) ( 3 mo.)
190
614
743
714
{3 mo.)
( 11 mo.)
12
18
no data
39
( 10 mo.) ( 3 mo.)
( 5 mo.)
22
76
no data no data
( 4 mo.) (2 mo.)
8,139
224

( 5 mo.)

26

a Calculations of total flow per year were made from Table
25 as follows:

(average daily flow) {days/month) "= total flow for month
Total flow
Sum of monthly flows

=

Source:

(1) Monthly discharge volumes - sewage effluent. Utah
County. Utah State Dept. of Health. Salt Lake City,
Utah.
(2) Unpublish reports in files at Geneva Steel Main Office.

TABLE 27
TOTAL NITRATE ENTERING UTAH LAKE ON A YEARLY
BASIS FROM MUNICIPAL AND INDUSTRIAL SOURCESa
Values given in pounds per yearb

LOCATION
Lehi
American Fork
Pleasant Grove
Orem

1967

1968

1969

no data

21,000

22,000

13,000

13,000

21,000

55,000
( 11 mo.)
32,000
( 11 mo.)

64,ooo

71,000

29,000
(10 mo.)
70,000

10,000
(5 mo.)
71,000
(11 mo.)
5,000
( 4 mo.)
74,ooo

69,000

Provo
Springville

i4,ooo

15,000

Spanish Fork

71,000

61,000
( 11 mo.)
4,000
( 5 mo.)
no data

Salem

no data

Payson

no data

Geneva (Weir 8}

2.5 x 106

P1pem111 Div Geneva
Wks. Tr. Plant
8

8,000

( 10 mo.}
5,000
{4 mo.}

1970
6,ooo
(4 mo.)
3,000
(4 mo.)
no data
6,000
(4 mo.)
16,ooo
(4 mo.)
4,ooo
( 3 m6.)
19,000
( 3 mo.)
2,000
( 3 mo.}
1,000
{2 mo.)

4,ooo

All answers rounded off to nearest thousand.

bCalculat1ons were made as follows:
(gallons/year) (8.34 x lo-6 lb. l/gal. mg.) {Average
lbs. No3/yr.

=

N03)
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TABLE 28
TOTAL PHOSPHATE ENTERING UTAH LAKE ON A YEARLY
BASIS FROM MUNICIPAL AND~. USTRIAL SOURCESa
Values given il'\(t>ou~~
per yearb
_,.....,.......,
............

1967

1968

no data

American Fork

55,000

Pleasant Grove

29,000

LOCATION

-1969

1970

32,000

33,000

10,000

57,000

87,000

13,000

34,ooo

38,000

145,000
(11 mo.)
272,000

i34,ooo
( 10 mo.)
276,000

Springville

75,000

80,ooo

Spanish Fork

58,000

44,ooo
( 5 mo.)
282,000
( 11 mo.)
26,000
(4 mo.)
61,000

Lehi

Orem
Provo

(11 mo.)

Salem

no data

Payson

no data

Geneva (Weir 8)
Pipemill Div
Geneva Wks
Tr. Plant

( 11 mo.)

50,000

( 11 mo.)

2,000

( 3 mo.)
no data

129,000

4,000

(to mo.)
9,000
(4 mo.)

(4 mo.)

(4 mo.)
no data

29,000

(4 mo.)

62,000
( 3 mo.)
20,000
(3 mo.)
16,ooo
( 3 mo.)
1,000
(3

mo.)

2,000

(2 mo.)

600

aAll answers rounded off to nearest thousand.
bcalculations were made as follows:
(gallons/yr) (8.34_3 10-6 lb. l/gal.
= lb. P04 /yr.

mg.) (Average P04- 3)
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Total Phosphate in Municipal Sewage
At peak efficiency, secondary treatment is designed to remove

30 per cent of the phosphate from raw municipal sewage (149). The
Utah State Department of Health estimates that the secondary sewage
treatment facilities in Utah operate at about 85 per cent of peak
efficiency.

This means that at 85 per cent efficiency the sewage

plants remove about 26 per cent of the phosphate from raw sewage.
In 1968 the total phosphate entering Utah Lake was approximately

820,000 pounds (Table 28). An estimate was made for those plants
which had data available for less than a year.

This means that the

raw sewage, before it was treated, contained 1,108,000 pounds of
phosphate.

This was done by finding how much was added per month

for the data available and then adding the same amount for each
additional month necessary to equal a year.
Phosphate in municipal sewage from detergents

In 1968, the total sales of synthetic detergents in the United
States was six billion pounds (150)o

The United States population in

1967 was 197,863,000 people (151). Scaling the population figure to
the approximate 1968 value and dividing into the amount of detergent
sold, it was estimated that on a per capita basis 30 pounds of synthetic detergents per person per year were sold (144)o
The total population of the Utah I.a.ke drainage basin in 1968
was 115,299 people (144)o

On a 30 lb. per person per year basis, the

total amount of synthetic detergents used in this valley was 3,458,970
pounds.

The average phosphate content of all the synthetic detergents

sold is estimated at 25 per cent.

This means that 864,700 pounds of
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phosphate was available to be dumped directly into the sewage plants.
Since only 85 per cent of the people in this valley are hooked into
municipal sewage, then there was 735,000 pounds of phosphate dumped
directly into the municipal plants.

This accounts for approximately

66.3 per cent of the total phosphate entering the sewage plants
(1,108,000 pounds in 1968).
Phosphate in municipal sewage from human waste
Phosphate from human waste accounts for another 10.7 per cent
of the total phosphorus in municipal sewage in Utah Valley.
humans, the amount of
intake.

pho~~r-rus

For

released is a function of protein

This phosphorus release, for the average person in the United

States, is considered to be about 1.5 gm/day (152).

In the Utah Lake

drainage basin, with 85 per cent of the people hooked into municipal
sewage, this amounted to 118,600 pounds in 1968 or 10.7 per cent of
the total entering the plants.
Other sources of phosphate in municipal sewage
The remaining 23.0 per cent of the phosphate entering Utah Lake
from municipal sewage in 1968 probably came from several sourceso

These

would include such things as wasted food, household dirt from cleaning,
pets, and urban runoffo
Phosphates and Nitrate in Utah Lake
In 1968, Utah Lake was one and one-half feet below compromise

level.

This means that the lake had an average volume of 754,800

acre feet of water (153)o

Reports show that for June, July, August,

and September of 1968 the average phosphate level was Oa86 mg/l and
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the nitrate level was o.40 mg/l (154).

The lake, therefore, contained

in solution 1.76 x 106 pounds of phosphate and 1.31 x 106 pounds of
nitrateo

The calcium level in the lake during this same period was

48.8 mg/l.
Because Ca3 (P04) 2 has a Ksp:2.0 x 10-29, it would appear
that the above concentrations of calcium and phosphate in the lake
are in error.

Upon closer examination, however, several equilibrium

are observed as follows:
I.

.J

r;

Lro4 ·3 Total=
Total Average pH =

II.

(o.86 x lo3g/1) - 9 l
lo-6
l /1
(95 g/m)
- o x
mo e
48.8 x 153g l)
{ 0.1 gm
8.3

;

= 1.22 x lo-3 mole/l

[ H+]:::5.0 x 10·9
Ksp

H3~ ~ H,.. +- ~P04-

[Hj

[ ~ro4]
[H3P04J

7.5 x 10-3

~
4

III.

~P04-

:;:= H't- +

[Hj [~=]

~=

6.2 x 10-8

l!f2P04-J

~4=]

~ro4-]

12.4

l.o x 10- 12

= 7. 5 x

10-3
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2.0 x lo-4

These calculations show that the phosphate in the lake is
predominantly HP04 with some H2P04-.

The other forms of phosphate

(H P04 and P04-3) are negligible in comparison.

In order to determine

3

whether phosphate will precipitate as ca 3 (P04 ) 2 , it is necessary to
know the actual concentration of phosphate as (P04-3) in the lake and
the concentration of phosphate as (P04-3) needed to cause precipitat ion.
The concentration of phosphate as (POj~-3) in the lake will
first be determined.

To do this, the assumption will be made that:

[P04 - ~ Total::=

~P04J + ~P04 J

From (III) above:

Substituting gives:

~ -~

Total= 13.4

l!12Po4j =

[H2ro4 j

~4-~ Total=
1304

9.1 x 10-6 m/l
13.4

= 6.79

x 10-7

Substituting to obtain §ro4~ gives:

~4l =

12 •4

~2ro4]

(12.4)(6.79 x 10-7)=8.4 x 10-6
Finally, using (IV) above, the

~4 -3] in the lake determined:

io- 4) [HP04J

[ro4-~ =

(2 x

l!o4 -~=

(2 x 10- 4 ) (8.4 x 10- 6 )= 1068 x

io-9
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The concentration of phosphate as (P04 -3) necessary to cause
precipitation in the lake will now be determined.

This is obtained

from the following equation:
ca 3 (P04) ~ 3 Ca+++
2

fa+~

3

.

~4-~"=

Ksp= 2.0 x lo-29

Ksp

~4-f= ~~13
[i'o4 _]2= 2.0 x 10-29

( 1.22 x 10-3)3

[ro4 -~ =

1.05 x lo- 10

It is thus evident that an equilibrium exists between the
phosphate as

(P04-3)

in the lake and the phosphate as

to cause precipitation with calcium.

(P04-3)

necessary

This equilibrium shifts

accordingly as the conditions of the lake change.
Recycling of nutrients
What happens to these nutrients?
natural outlet from Utah Lake.

The Jordan River is the only

It is therefore safe to assume that

the only way nutrients can leave the lake is through the Jordan
Rivero

The nitrates and phosphates that remain are recycled as shown

in Figures 11 and 12.

The nutrients that precipitate as ca 3(P04 ) 2 and

dead organisms are continually stirred up by wind action due to· the
fact that the lake is very shallow.

This process redissolves some

nutrients and makes them continually available for use.

An estimate can be made of the nitrates and phosphates coming
into and flowing out of the lake.

This estimate should determine

if the nutrient level is gradually increasing year by year.

It is
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readily admitted that this is a rough estimate, but it will give some
idea of what is happening in the lake.

As more data become available

these figures will be greatly improved.
In order to make this estimate several assumptions must be
made.

First, the phosphate and nitrate levels in the tributaries

in 1968 are assumed to be the same as in 1970.

This was done be-

cause there were no concentration data available in 1968, but there
were flow data.

Second, the phosphate and nitrate concentrations

in the tributaries where no flow data were available are the average
of all the values listed in Tables 19 and 20 for 1970 (155).

The

average phosphate level for these tributaries was found to be

o.8o

mg/l.

The nitrate was 6.57 mg/l.

(See Tables 29 and 30)

Flow data in 1968 were available on a monthly basis for the
following rivers:

Jordan, American Fork (upper), Provo (at Provo),

Hobble Creek (near Springville), and the Spanish Fork rivers (156).
The total inflow to Utah Lake was 694,300 acre feet (157).

However,

Eric Loveless found through extensive measurement of stream flows
that approximately 70 per cent of this flow comes from surface runoff, and the remaining 30 per cent comes from groundwater (158).
This means that the total flow of all the tributaries emptying into
Utah Lake in 1968 was 486,000 acre feet.

The total inflow from the

four tributaries that were listed in 1968 was 292,690 acre feet.
remaining tributaries contributed 193,310 acre feet.

The

It was not

possible to break this figure down into the individual tributaries.
Groundwater contributed 208,300 acre feet to the lake in 1968 (158).
Tables 29 and 30 list estimates of the nitrate and phosphate
entering the lake through its tributaries and leaving through the
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TABLE 29
TOTAL NITRATE ENTERING UTAH LAKE THROUGH
TRIBUTARIES IN 1968
COLLECTING

STATION

#1) Jordon

#4) American

Fork( upper)

) Provo River

(lower)

MONTH

AVoN03
mg/l

June
July
Aug.
Sept.
Nov.
Other
mos.

TOTAL

lbs

N03

176,ooo
187,000
234,ooo

1.90
1.50
2.30
o.oo
2.39

34,o8o
45,920
37 ,1~70
35,090
l,66o

1.45

..JLj;)_Q

June
0.90
July
1.10
Aug.
o.oo
Sept.
o.oo
Nov.
0.31
Other.
mos.
0.76

15,98o
6,310
3,040
1,820
1,500

----------1,000

~
, 97

34zOOO
93,000 = total

27,320
1,210
1,580
3,030
14,220
21,190

97,000
3,000

g~z8~o
1,4l>

?Ql.000

0.70
o.4o
o.oo
o.oo
o.oo

4,88o
1,450
1,230
924
974

9,000

o.42

~
, 9

1.90
1.90
1.70
1.54
1.99
2.70

3,48o
1,020
858
693
4,030
3,870

2.11

42,870
55,821

June
1.30
July
0.90
Aug.
o.oo
Sept. o.oo
0.93._\
Nov.
Dec. ( 1-·33)
Other '-------/1.14
mos.
)/
\_

June
#10) Hobble Creek July

Aug.
Sept.
Nov.
Other
mos.

June
Fork( lower) July
Aug.
Sept.
Nov.
Dec.
Other
mos.

#15) Spanish

FLOW

Acre ft.

-

-,..~

231,610

------11,000

302z000
913,000 = total
39,000
19,000

----------36,000

77,000

5on,ooo=

total

2,000

-------------

22z000
33,000 = total
18,ooo
,,ooo
,ooo

3,000

22,000
28,000

246zOOO
326,000::: total
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TABLE 29 -- continued

-

Av. NO)
"in 1970
m2/l

CCLECTION

*

STATION

-·

413 Alpine

Oo38

415) Mill Pond
(Spring Creek)

6.15

1--

TOTAL FLOW
1968
Acre ft.

TOTAL NITRATE
in lbs.
1968

I~

#6) Geneva Cannery Drain 10.16

#9) Big Dry Creek

6.46

f11) Spring Creek

8.69

f13) Spring Lake

1.35

#14) Benjamin Slough

4.71

Simple Average

lbs N03

*Taken

=

193,000

3 ,454,00C

6.57

(mg/l)(acre ft.)(2. 72 lb. l/mg acre ft.)

from table 19

Flow data taken from: "Water Resources Data for Utah, Part 1 11
U. S. Dept. of,-Interior Geological Survey
1968.
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TABLE 30
TOTAL PHOSPHATE ENTERING UTAH LAKE
THROUGH TRIBUTARIES IN 1968

COLI.EX::TION
STATION
#1) Jordon River

#4) American

Fork{ upper)

#8) Provo River
(lower)

#10)

#15)

MONTH

June
July
Aug.
Sept.
Nov.
Other
mos.
June
July
Aug.
Sept.
Nov.
Other
mos.
June
July
Aug.
Sept.
Nov.
Dec.
Other
mos.

Hobble Creek June
July
Aug.
Sept.
Nov.
Dec.
Other
mos.
Spanish
Fork{ lower)

June
July
Aug.
Sept.
Nov.
Dec.
Other
mos.

AV. ~-3
mg/l

0.10
0.70
1.00
0.15
o.4o
0.51
0.10
0.60
0.50

o.oo
0.65

TOTAL

34,080
45,920
37,470
35,090
1,660

9,000
87,000
102,000
14,ooo
2,000

11i~90

101,000
321,000 = total

Acre ft.

231,10

15,980
6,310
3,o40
1,820
1,500

0.28

lf ,'§47
91

0.10

27,320
1,210
1,580

o.6o

0.80
0.20

ro -3
4
lbs.

FLOW

~,030

4,000
2,000
4,000

-----

3,000
12,000
25,000
7,000
2,000
3,000
2,000

---------

o.oo

1 ,220
21,190

0.08

93.z870
162,420

20,000

0.20
0.10
0.50
0.03

4,88o
1,450
1,230

3,000
400
2,000
100

o.oo

o.oo

o.48

924
9~
1,0

0.24

~§!~g

0.20
o.ao

3,48o
i,g2g
65

o.60

o.oo
o.oo
o.oo
0.14

4,o~d

3,870
42,870

56,821

= total

3n,ooo = total

-----

1,000
12z000
m, 500 = total

2,000
2 000
l;ooo

---------

-----

r;cou = total

~6_.ooo
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TABLE 30 -- continued

Av. P01f3
in 19io

COLLECTION
STATION

0.34

#5) Mill Pond
(Spring Creek)

0.28

#6) Geneva Cannery Drain

0.98

#9) Big Dry Creek

o.o8

#11) Spring Creek

2.72

#13) Spring lake

0.25

#14)Benjam1n Slough

o.66

#16) Drain

1.09

b

acre ft.

TOTAL PHOSPHATE
in lbs.
1968

I'

193,3oob

421,000

o.ao

Simple Average

8

1968

mg/l

#3) Alpine

lbs.

TOTAL FLOW

P043= (mg/l)

(acre ft.) (2. 72 lb l/mg acre ft)

Taken from Table 20.
Estimated total flow see text for discussion

Flow data taken from:

"Water Resources Data for Utah, Part I''
Dept. of Interior Geological Survey
1968.

u. s.

....------
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Jordan River.

For these streams (Jordan, American Fork, Provo,

Hobble Creek, and Spanish Fork), flow data were available on a
monthly basis for the entire year.

However, data on nitrate and

phosphate concentrations were available for only a few months
(Tables 19 and 20).

For those months the total nitrate and phosphate

concentrations were calculated individually.

To obtain an estimate

for the remaining months, the weighted average nitrate and phosphate
concentrations were multiplied by the total flow for the remaining
months.
To obtain an estimate for the remaining tributaries, it was
necessary to take a simple average of the concentration data available
for these streams.

(See Tables 29 and 30)

The total flow for these

streams was obtained by subtracting the total flbw of the tributaries
that were known from the total surface water entering the lake.
nitrate and phosphate concentrations were then estimated.

The

(See

Tables 29 and 30)
The groundwater emptying into Utah Lake in 1968 contributed
a significant amount of nitrate and phosphate.
the following way:

This was calculated in

The Utah State lab reports for 1964-69 ( 146)

listed the nitrate and phosphate concentrations for various wells
around the valley.

It was observed that the concentration of

nitrate and phosphate in these wells does not change significantly
from year to year.
from 1964-1968.

An average was taken of all the wells listed

This was assumed to be the concentration of nitrate

and phosphate in the groundwater emptying into Utah I.ake in 1968.
The nitrate concentration was 2o08 mg/l and the phosphate concentration was 0.59 mg/lo

A nitrate and phosphate value was then
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calculated for the ground water.

This estimate shows that ground-

water contributed 1,179,000 pounds of nitrate and 333,000 pounds
of phosphate into Utah Lake in 1968.

(See Table 31)

The tributaries flowing into Utah Lake added 4,265,500 pounds
of nitrate and 585,700 pounds of phosphate.

Groundwater added

1,179,000 pounds of nitrate and 333,000 pounds of phosphate.

The

municipal and industrial waste treatment plants added 2,194,000
pounds of nitrate and 820,000 pounds of phosphate.
period, the Jordan River

~eleased

During the same

950,000 pounds of nitrate and

313,700 pounds of phosphate from Utah Lake.

(See Table 31)

The total amount of nitrate added to Utah Lake in 1968 was

7,638,500 pounds.

The total phosphate added was 1,738,700 pounds.

From this it can be seen that only 12.4 per cent of the nitrate and

18.o per cent of the phosphate was released from the lake through
the Jordan River in 1968.

The rest remained in the lake to be re-

cycled as shown in Figures 11 and 12.
Of the total nitrate and phosphate dumped into the lake, the
municipal and industrial waste treatment plants contributed 28.8 per
cent of the nitrate and 47.1 per cent of the phosphate.

Groundwater

contributed 15.4 per cent of the nitrate and 19.2 per cent of the
phosphate.

The tributaries contributed 55.8 per cent of the nitrate

and 33.7 per cent of the phosphate.

(See Table 31)

It is evident that the nutrient level of the lake is increasing rapidly from year to year, because more nutrients are going
into the lake than are released through the Jordan Rivero
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TABLE 31
TSTIMATED NITRATE AND PHOSPHATE BALANCE
IN UTAH LAKE IN 1968

INFLOW

NITRATE
(NO'l.l_lbs

-

3 OF TO'I'Al.

-

PHOSPHATE

3 OF TOTAL

-

(POL._·~)

Tributaries

4,265,5QO

55.8

585,700

33. 7

Grout:d Water

1, 179 ,000

15.4

333,000

19.2

Municipal & '
Industrial Waste

2,194,000

28.8

82.0,000

l.~7

Total

OUTFLOW
Jordan River

7,638,500

NITRATE
1~~12.§_

950,000

100.0

3 OF TOTAL
12.4

-

100.0

1,738,700

PHOSP¥TE

l_P04- l

--

i---·

·-

313,700

.1

3 OF TOTAL
18.0
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Eutrophication in P:ovo bay
Provo Bay is an excellent example of what is happening to Utah
Lake as a whole.

Because it is a small enclosed bay with a narrow

outlet into the lake, the process of eutrophication is clearly
, shown.

....

(See section I for discussion of eutrophication).
Figure i3 shows a rough sketch of Provo Bay.
I

Since the Provo

sewage treatment plant empties the largest volume of water containing
nutrients into the bay, its channel will be followed through the bay
into the lake.

(See Relation of sewag;e to algae)

Samples of water at Station No. 1 show a dissolved carbon
dioxide concentration of 40-60 ppm (Figure 14), a phosphate level
of 3-5 ppm (Figure 15), a pH of 7.2-7.5 (Figure 16), a dissolved
oxygert concentration of 2-5 ppm (Figure 17), and a turbidity of 20
Jackson turbidity units (Fi.gure 18).

As the water moves further

into the bay, algae begin to appear in a vast bloom (See Section
III, Algal Blooms).

The algae undergo photosynthesis (See Section

III, Photosynthesis in Algae) because of their c;:hlorophyll content.
Because of this, water samples taken further into the bay show
characteristic results.

(See Section III, Taste and odor algae,

Polluted water algae, Relation of algae to fish life, Toxicit~ ofalgae).

These inclu4e, among other things, a decrease in dissolved

carbon dioxide and phosphate.along with an increase in dissolved
oxygen, pH, and

turbidi~y.

(See Figures 13-18)

At Station No. 4 the changes begin to stabilize.

The algae

population is at a maximum and nutrient resources are nearly exhausted.
The water has literally been stripped of its nutrients.

At Station

No. 8 the algae are dying and releasing phosphate, nitrate and
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Fig. 13.--Provo Bay Collecting Stations
Source:

B. Sundrud, M. Morrison, Work done on Provo Bay June 19 to
August 6, 1970. Utah Lake Research Project. Brigham Young
University, Provo, Utah.
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organic compounds back into the water to be recycled (Figures 11 and
12) as conditions become favorable.
Answers to the problem
Now what are the answers to this problem?

Utah Lake is a col-

lecting point for all of the water in the valley.

This means that

in order to improve the lake, man must improve some of his current
practices.

These practices fall into two categories:

(1) improve-

ment of current municipal waste treatment facilities, and (2) improvement of some of the farming and ranching practices.
The improvement of current waste treatment facilities is
inevitable.

As

the population of this valley increases, the problem

of waste disposal becomes more acute.
a huge. tertiary treatment facility.

Utah Lake is already acting as
Unless additional facilities

are added to the ones now currently used, Utah Lake will soon reach
an intolerable state.

The exact type of facilities needed has not

yet been determined but must be in the near future.
The improvement of farming and ranching practices is the second
main category.

Chapters II and IV discuss this problem in detail.

Two main things must be done.

First, cattle must not be allowed free

access to rivers and streams.

This would greatly decrease the

amount of waste that is deposited directly in the water and eventually
in the lake.

Second, farmers need to stop spreading fertilizer and

manure on the land when it is frozen.

When the ground is frozen,

nutrients are unable to percolate into the soil.

Consequently, when

spring thaw comes, most of these nutrients are washed away in the
runoff.

This practice would not only save valuable nutrients from
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being washed away but also help decrease the problem of eutrophication.
Further Studies Needed
From this thesis it becomes very apparent that additional
studies are needed to give a more complete picture of what is happening
in Utah Lake.

Following is a partial list of what must be done:

1.

Percolation rate of water through the soils in Utah Valley?

2.

How much phosphate actually leaches through the soil into
the groundwater?

3. What is the origin and route of travel of the water
coming out of the springs in the lake?

4. Study the phosphate content in detergents and determine
why different labs get different results.

5.

Take core samples at various places in Utah Lake and
determine whether or not the phosphate concentration
decreases with depth.

6. What is the phosphate concentration of agricultural
crops?

Is there excess phosphate available in the soil

in Utah Valley?

7. How much nitrate and phosphate is washed into the sewers
through urban runoff?
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ABSTRACT
An estimate was made to detennine the amount of nitrate and phosphate
entering Utah Lake in 1968. To make this estimate, the flow data for 1968
and the nitrate and phosphate concentrations for 1970 were used. This was
done because of the lack of infonnation. The results show that the total
nitrate added to Utah Lake in 1968 was 7,638,000 pounds. The total phosphate added was 1,740,200 pounds. Of this amount, 12,4 per cent of the
nitrate and 18.0 per cent of the phosphate was released from the lake through
the Jordan River. The rest remained in the lake to be recycled.
Of the total nitrate and phosphate dtm1.ped into the lake, the municipal
and industrial waste treatment plants contributed 28.7 per cent of the
nitrate and 47.1 per cent of the phosphate. Groundwater contributed 15.4
per cent of the nitrate and 19.2 per cent of the phosphate. The tributaries
contributed 55.8 per cent of the nitrate and 33.7 per cent of the phosphate.
It is evident that the nutrient level of the lake is increasing rapidly
from year to year, because more nutrients are going into the lake than are
released through the Jordan River.
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